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Birds with hes 
; AT LITTLE ROCK 


— the Little Rock Water System, organic growths reduced the capacity 
of a large reinforced concrete supply line by twenty percent. 
According to L. A. Jackson, Manager, and W. A. Mayhan, Chemist, in 
a joint report appearing in Water & Sewage Works, the Break-Point Process 
_ when applied to this line greatly reduced organic growths and gave better 
t results than any other method tried in a three-year test period. 
: Reduction of organic growths was not the only benefit however. Ac- 
cording to the report ‘“*** Aside from destroying the organic growth in the 
transmission line, ‘break-point’ chlorination has proved of value to us in 7 
_ other ways. Since beginning this treatment, taste and odor flare ups have 
been practically nonexistent. We are assured a sterile water throughout the prep 
_ entire plant and lactose-fermenting organisms in the plant are a thing of AW 
the past.***” 
j This experience at Little Rock is representative of the 
multiple protection that you can obtain with the Break-Point 

- Process. For complete details on other Break-Point benefits 
such as longer filter runs and iron and manganese removal, see 
your nearest W&T Representative. 
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Public Relations Symposium 


By R. B. Cooney, Norma Nelson, Don O'Reilly, Walter S. Byrne, 
M. B. Cunningham, Kenneth V. Hill, Ellsworth L. Filby 
and Harry E. Jordan 


A symposium presented on May 6, 1948, at the Annual Conference, 
Atlantic City, N.J., by R. B. Cooney, Kelly Nason, Inc., New York; 
Norma Nelson, Public Service Commission of Halifax, Halifax, N.S.; 
Don O'Reilly, Public Relations Director, Washington Suburban Sani- 
tary Dist., Hyattsville, Md.; Walter S. Byrne, Gen. Mgr., Metropoli- 
tan Utilities Dist., Omaha, Neb.; M. B. Cunningham, Supt. and Engr., 
7 Oklahoma City Water Dept., Oklahoma City, Okla.; Kenneth V. Hill, 
Partner, Greeley and Hansen, Chicago; Ellsworth L. Filby, Engr., 
Black and Veatch, Cons. Engrs., Kansas City, Mo.; and Harry FE. 
Jordan, Secy., American Water Works Assn., New York. 


Public Relations Thinking—R. B. Cooney 


HIE series of studies entitled “Si- tee, but will represent the sum total of 
lent Service Is Not Enough... ,” all that is done to inform and influence 
prepared under the direction of the the people in every community regard- 
A.W.W.A. Public Relations Advisory ing the water supply and its impor- 
Committee, is now completed. The _ tance. 
chapter dealing with plant beautifica- The Association, through its activi- 
tion and related topics will conclude _ ties at national and regional levels, will 
the initial survey of public relations as keep contributing to that story, but its 
applied to the water works job. essential development rests with the 
This, however, does not mean that individual members. What the Ameri- 
the last word has been spoken on the can public thinks about water service 
subject. Rather, these studies repre- depends upon what the people in all 
sent a sort of stock taking. The real the communities of the country think 
story began with the first handshake about the particular water service 
ever given a visitor to a water works which they receive. No other public 
plant. The real story will have no end. — utility is so completely affected by lo- 
The real story will be the product of cal conditions, so completely subject to 


no one writer nor of any one commit- local attitudes. 
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676 R. B. 
The net result is that the water 
works public relations job must, to a 
very special degree, be a local effort. 
The studies which have been prepared 
are directed at the community level, 
with the goal of helping each member 
to conduct a more effective public re- 
lations program in his own backyard. 
The studies have tried to accomplish 
this aim in two ways: First, they have 
endeavored to explain some of the fac- 
tors which influence relations between 
the water works man and various seg- 
ments of the public. Second, they have 
sought to present the kind of sugges- 
tions which would encourage the indi- 
vidual manager to take action, regard- 
less of the size of his community or 
the local limitations imposed on him. 

It was recognized from the outset 
that no set of general suggestions could 
prove of uniform value to all ssocia- 
tion members. At the same time it 
was felt that without concrete exam- 
ples the whole effort would possess 
little practical value. Accordingly, a 
variety of specific suggestions have 
But they have been 
introduced stimulants and not 
pontifical dicta. It is their primary 
purpose to make the water works man 
think, “Well, maybe I couldn’t do that 
—but, say, it does give me an idea!” 

Another fact consistently recognized 
was the very obvious one that numer- 
ous water works men were already do- 
ing many of the things talked about. 
A number of the suggestions were, in 
fact, taken from reports by members 
of the Association, and, although credit 
was sometimes given, a more general 
acknowledgment is in order here. The 
advisory committee made many contri- 
butions of the utmost value, and one 
member particular—Ellsworth  L. 
Filby—gave of his time and thought to 
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a degree which deserves a special word 
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of gratitude. He not only eased the 
labors of the author with a variety of 
most constructive comments, but also 
caught more than one error which 
might have proved embarrassing. 

It should be emphasized that it was 
not the purpose of these studies to 
amaze the reader with a Ripley-like ar. 
ray of things he never knew before. 
Instead, they have sought to bring to. 
gether in, orderly form a compilation 
of pertinent material, organized 
that the relation of all the parts to each 
other and to the whole would be made 
clear. In their entirety, their aim has 
been to induce the kind of thinking that 
creates a planned, integrated, continu- 
ing public relations program. 

Such thinking works from the inside 
out. It begins with the functioning oj 
the business itseli—with policies, op- 
erations and services. It looks at all 
undertakings to see how they can be 
utilized to influence public opinion. It 
explores all avenues of communication 
with the public to see how they can be 
most efficiently employed. It looks 
ever ahead, making sure that today’s 
plans will yield all possible public re- 
lations benefits in becoming tomor- 
row’s realities. 


SO 


Recognizing Publicity Values 


For example, that — the 
Hometown Water Works is going to 
construct a new filter plant. To the 
man who thinks in terms of public 
relations values, this opens a major 
channel through which public interest 
can be concentrated on the water works 
and its place in the community. From 
the project’s inception to its comple- 
tion, every step of the way is examined 
for opportunities to call people’s atten- 
tion to the job and its significance. 

Beginning with the preconstruction 
hase, the public-relations-minded ex- 
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ecutive will seek, first, to set the stage 
for the opening announcement—per- 
haps arranging an important speaking 
date for the occasion. At the same 
time, he will make sure that his own 
employees hear the news and that pub- 
lic officials are informed. If some time 
is to elapse before work gets under 
way, he will save part of his ammuni- 
tion to maintain interest during the 
interval. He may follow the first an- 
nouncement with a press release on the 
design and landscaping of the new unit, 
accompanied by photographs of the 
architect’s drawings. Or he may pre- 
sent these in a window display 
transform them into a complete work- 
ing model. He will issue stories con- 
cerning the opening of bids and the 
selection of contractors, and he may 
release at least one rather technical ac- 
count, explaining the particular princi- 
ple on which the new installation will 
operate. Perhaps he will send this as 
a special bulletin to doctors and health 
authorities or its use in the 
high school science classes. 

Meanwhile, he will start organizing 
his ground-breaking ceremonies 
lecting speakers, inviting special guests, 
choosing the delegation to represent 
personnel, arranging for radio and 
press coverage, lining up photogra- 
phers. He may want to mail a general 
announcement to his customers, or in- 
sert a special advertisement in the pa- 
pers. With that event out of the way, 
he will keep an eye on the construction 


or 


suggest 


se- 


job as it progresses, seeing that photo- 
graphs are taken of the various stages 
or perhaps arranging for a motion pic- 
ture record. He will watch for inter- 
esting situations or incidents and call 
them to the attention of the press. He 
will maintain a continuing report to his 
coworkers and to interested community 
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officials. And he will begin preparing 
for the actual opening of the plant. 

He will start work on a descriptive 
folder to be passed to visitors and, pos- 
sibly, mailed to customers. He may 
get the art classes of the schools to pre- 
pare posters inviting the public to visit 
the new unit—perhaps making it a con- 
test, with judging of entries, a display 
of competing efforts and, of course, 
attendant publicity. 

The actual opening will again be 
converted into a newsworthy occasion, 
complete with ceremonies, 
distinguished photographers 
and even a luncheon. ‘Then there will 
follow a week or two of special open 
house, with invitations extended to 
civic clubs, community groups and bus- 
sy the time the 
new filter plant has settled down to 
routine operation, most people in town 
will at least possess a dim awareness 
that the water works has done some- 
thing to improve service. 


speeches, 


guests, 


iness associations. 


Now it is granted that the service 
would have been just as effectively im- 
proved without any of this fanfare. Is 
the public relations campaign, after all, 
worth the effort ? 

The answer lies in that apathy— 
more discouraging than opposition— 
which so often greets the water works 
man when he needs the public actively 
on his side. The one thing in which 
people are most interested is them- 
selves. To break through that wall 
of self-concentration is a major job 
achieved only through consistent effort, 
utilizing every implement available. 
Public relations thinking and planning 
endeavor to make the fullest and most 
efficient use of such implements. 

These public relations studies have 


tried to explain what the implements 
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are, what they will do and how they 
can be employed. The studies have 
sought to convince the water works 
man he could make use of at least some 
of these implements, regardless of the 
size of the community or the complex- 
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ities of the local situation. And finally, 
the studies have attempted to demon- 
strate that the effort and thought and 
time involved in conducting public re. 
lations represent a legitimate and im- 
portant part of the water works job. 


Halifax Public Relations Program—Norma Nelson 


HE use of the term “public rela- 
tions,” and of the procedure devel- 
oped under it, is comparatively new. 
The fundamental principles underlying 
public relations, however, have been 
practiced to some extent, in one form 
or another and under various names, 
for centuries. These principles are too 
well known to require any elaboration 
in this paper. Stripped of the mz-s of 
phraseology usually employed to de- 
fine the term, public relations is essen- 
tially a compound of the homely, sim- 
ple virtues of neighborliness, kindness 
and community spirit ; cooperation and 
understanding between the general 
public and the industrial or other un- 
dertaking ; and the procedures, meth- 
ods and processes adopted to acquaint 
the people with the manner in which 
these principles are put in practice. 

It is the purpose of this article to 
say something about the manner in 
which these underlying principles of 
public relations have been carried out 
by the Public Service Commission of 
Halifax. 

The Public Service Commission of 
Halifax is a fairly young organization. 
It was founded by an act of the legis- 
lature of Nova Scotia in 1944, to man- 
age and control the water system of 
Halifax, which was formerly operated 
directly under the City Council. The 
commission was fortunate in being 
headed by officials who realized the 
necessity of good public relations, as 
well as of good relations within the 
employee group. With the idea in 
mind that one depends to a large extent 


on the other, the Public Service Com- 
mission, ever since its founding, has 
recognized the impertance of public re- 
lations and has carried out an exten- 
sive public relations policy. 

Credit for the conception and details 
of the policy is not all due to the officials 
of the commission, because vast use 
was made of the material and ideas 
contained in the A.W.W.A. Public Re- 
lations Studies. The sprite, Willing 
Water, was loaned by the A.W.W.A,, 
and R. B. Cooney’s suggestions have 
been the guiding hand in the commis- 
sion’s program. 

Although basic principles are widely 
recognized in public relations —pro- 
grams, it is necessary that they be fit- 
ted into the local picture and that ad- 
justments be made to meet the needs 
of the particular organization to which 
the program is to be applied. 

Halifax is a comparatively small city 
with a population of 90,000. It is an 
old city, steeped in tradition and cus- 
tom, and this year it is celebrating the 
one hundredth anniversary of its water 
system. The citizens of Halifax are 
characteristically cautious and conserv- 
ative. Therefore, before any radical 
changes in policy could be undertaken 
by a publicly owned organization, a 
careful study was necessary to ascert- 
tain the possible effects on the citizens 
and ratepayers. 


Personnel Training Program 


When the first bright orange trucks 
and service cars of the Public Service 
Commission, with Willing Water’s pic- 
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July 1 1948 PUBLIC 
ture and breezy messages painted on 
them in royal blue, went dashing 
around the city, there was considerable 
curiosity about the work they were car- 
rying on. In order to make sure that 
the operators and crews who accom- 
panied these trucks held up a fine ex- 
ample of courtesy and efficiency, it was 
necessary to begin a comprehensive 
personnel training program within the 
commission. 

As a result of this training, and the 
energetic efforts and understanding of 
the officials, it can be asserted that the 
public relations program is today car- 
ried on by all of the 200 commission 
employees, because each of them is 
looked on as a person of high efficiency 
and courtesy. This was a wonderful 
first step for a good public relations 
program, and an excellent way to gain 
the confidence of the public. 

The meter readers, who 
closest contact with the citizens 
through the daily readings in their 
homes, make an excellent impression. 
They are courteous and friendly, and 
their uniforms are well known in Hali- 
fax. The service crews who look after 
emergency calls and other repairs, are 
a competent and cordial group, and 
many an impatient consumer has been 
so impressed with the pleasant and ef- 
ficient way these men go about their 
jobs that the inconvenience of the mo- 
ment has seemed much less serious. 

The office staff—which exemplifies 
the Public Service Commission motto 
of “Efficiency With Courtesy” to the 
utmost degree—is held in high regard 
in the city of Halifax. Many an irate 
customer who believed his bill was 
higher than it should have been has 
left the offices in an easier frame of 
mind after contact with the patient un- 
derstanding of those whose duty it is 
to collect his money. 


have the 
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Public Education Program 


\ll this good will between the peo- 
ple of Halifax and the commission was 
not built up quickly. It required a 
long program of education, which is 
still going on. During the past year, 
when the commission was preparing 
for an increase in the water rates in 
the city, the public relations work was 
of particular importance. 

The City Council is an important 
section of the public with which it is 
necessary to promote good relations. 
Although the commission is incorpo- 
rated by an act of the legislature to 
maintain and operate the water system, 
it is still owned by the city and all the 
capital expenditures must be approved 
by the City Council. At times this 
may cause complications if the actions 
of the commission are not understood 
by the aldermen or their electors. Peo- 
ple cannot understand why a spanking 
new piece of pavement has been torn 
up; they cannot understand why they 
are not allowed to dump their garbage 
on the watershed area when they are 
out driving; or why they are forbidden 
to cut a Christmas tree from the lush 
growth on the watershed. 


Press Relations 


The commission advertises weekly 
in the local newspapers to try to ex- 
plain to the taxpayers why its actions 
are necessary. Newspaper ads are 
run in the spring and fall, in preferred 
positions, showing Willing Water 
stumbling over storm doors and other 
debris, asking property owners to make 
the way for the meter reader easier 
by not putting obstacles in his path to 
the meter. Detailed explanations are 
given at the end of each year about the 
work accomplished during the preced- 
ing twelve months. Any change of 
hours or departure from regular sched- 
ules is outlined in an ad in the papers. 
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In addition to the ads, which are 
paid for, the newspapers have been 
most generous in giving publicity to 
the commission and its staff. .\ close 
friendship is maintained with the re- 
porters and editors of both local pa- 
pers. They are invited to staff parties 
and copies of the staff paper are sent 
to them. The newspapers have quoted 
directly from the staff paper items of 
interest to the community. Care is 
taken that neither paper is given an ex- 
clusive story. If there is something of 
particular importance, both papers are 
called and asked to send their report- 
ers. As a result, the commission has 
enjoyed long columns of very valuable 
advertising, which has given the pub- 
lic information that could never have 
been furnished by paid ads. 
Radio Talks 

The value of radio not 
overlooked, and the same cordial rela- 
tionships which have been built up with 
the press exist between the radio sta- 
tions and the commission. During the 
past winter, preceding the application 
to increase the water rates, it was felt 
that an extensive educational program 
might be carried on so that the public 
would know the water commission. 

The services of one of the local radio 


has been 


stations were made available for a se- 
ries of four broadcasts at 8:15 in the 
evening on consecutive nights, so that 
the four ranking officials of the com- 
mission could each give a fifteen-min- 
ute talk. The series started with the 
General Manager, who described the 
commission, its organization and his- 
tory; the Chief Engineer then told 
about the Engineering Department and 
its activities; the Office Manager dis- 
cussed the general administration of 
the accounting department—billing and 
the like; and the final talk was given 
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by the Assistant Engineer, who told 
about the treatment of the water and 
about the outside work of the EEngi- 
neering Department. 


These broadcasts met with much 
greater enthusiasm than was _ antici- 
pated. Soth from the Commission’s 


point of view and from the station’s, 
they were a valuable bit of public sery- 
ice. It is hoped during the next year 
to present a similar series and to ob- 
tain the facilities of the other local sta- 
tion for a forum discussion by the Gen- 
eral Manager of the water system and 
the managers of the other four public 
utilities in the city. Time for such pro- 
grams is given by the radio stations 


without cost. 


Public School Project 


The commission tried something this 
year which is believed to be quite new 
in public relations work, especially 
when conducted by a water utility man- 
agement. Believing that the 
children of today are the ratepayers of 
tomorrow, it seemed desirable that they 
should be familiar with their water 
service. Also, it was known that chil- 
dren are good publicity agents, and 
that what they saw and heard would 
certainly be taken home to their par- 
ents. In conjunction with the Voca- 
tional Guidance Department of the city 
school system, an educational project 
was carried out to acquaint the pupils 
with the water utility. 

Two female employees of the com- 
mission spoke over the radio about 


school 


their jobs—billing and cashier work. 
The secretaries to the Office Manager 
and to the Chief [Engineer have also 
given talks. These programs have a 
listening audience of about 20,000, in- 
cluding the surrounding districts, and 
therefore bring the Public Service 
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Commission to the attention of many 
people. 

In addition to the broadcasts, tours 
of the commission offices and plants 
were arranged for high school students. 
Those interested in the office adminis- 
tration came to the offices in groups 
and were conducted on tours which 
lasted around two hours. They were 
received by representatives of each de- 
partment, who explained the work they 
supervised. The students’ enthusiasm 
was really tremendous, and in the ca- 
reer books which they prepare during 
the year, some of them have written 
about individual Public Service Com- 
mission employees, whom they met on 
their visits, as outstanding career peo- 
ple. It is very flattering to receive 
such recognition from the high school 
students of the city. 

Because a number of young men and 
women were interested in becoming 
engineers, chemists and machinists, the 
commission arranged a tour of the out- 
side works and plants for them. The 
tour occupied one Saturday morning, 
and transportation was provided by the 
commission. Certainly no trip on an 
excursion boat ever rivaled in excite- 
ment the thrill of those young people 
touring the city and the watershed in 
the commission’s big trucks. In con- 
nection with the guidance program, the 
commission is offering prizes this vear 
for the outstanding career books in the 
engineering and stenographic fields 


Good Will Through Public Service 
Many public services have been ren- 
dered by the commission staff. Dur- 
ing the explosion in Halifax in 1945 at 
the naval munitions storage depot, the 
maintenance crews organized and su- 
pervised part of the evacuation from 
the city. Commission trucks supplied 
water to those who were forced to 
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leave their homes for the clear spaces 
during the night. These trucks also 
assisted in moving people back to their 
homes when the danger was over. 
Each Christmas Day commission 
trucks and drivers are loaned to the 
Salvation Army to distribute Christ- 
mas cheer to the needy. 

There is a particularly interesting 
story about Christmas of 1947. One 
of the was stormbound at 
the pumping station for two days be- 
fore food and a relief operator could 
reach him on snowshoes. This man 
was pictured in the press as a great 
hero enjoying Christmas dinner with 
his family two days late, and he was 
the subject of a complete fifteen-minute 
story over the radio by one of the local 
commentators. Another commentator 
has devoted a full program to a story 
about the commission, with particular 
reference to the work of the crews who 
kept the fire hydrants clear every day 
during the heavy snow of the past 
winter. 


operators 


Staff Social Activities 
The members of the commission 
staff are exceptional and each one does 
a public relations job on his own. 
There is a staff paper, produced en- 
tirely by the employees. Several times 
during the year Willing Water is host 
at a party or a picnic organized by the 
Employees’ Social Club and attended 
by the commission members as well as 
the executives of the commission, and 
their wives. The mayor and the alder- 
men, along with their wives, also at- 
tend these parties, which have made 
Willing Water famous as a host. 

The commission's General Manager 
is very much in demand, both in the 
city and throughout the province, as a 
speaker at service clubs and boards of 
trade. The other executives are also 
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accomplished speakers, as well as be- 
ing champion golfers, curlers and ath- 
letes generally. One member of the 
staff recently directed the local figure 
skating club’s annual carnival, while 
another has been pictured in the local 
press displaying some of the fine mink 
he raises in his spare time. The female 
members of the staff are represented 
on almost every active group in the 
city. 

The commission looks with favor on 
the outside activities of its employees, 
because when an individual is highly 
regarded for his contribution to the 
life of the community, the organization 
by which he is employed is kept before 
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the public, and interest and regard for 
it maintained in the minds of the citi- 
zens. 

It may be gathered that the author 
considers it a real privilege to have a 
part in both personnel and public rela- 
tions work, especially in an essential 
public utility. To quote the proverbial 
Irishman, ‘“There’s nobody so interest- 
ing as people.” No degree of material 
success can make a job worth while 
which does not contribute to the wel- 
fare of a community, especially in mu- 
tual good will; and which does not give 
high priority to the happiness and op- 
portunities for service of the members 
of the staff. 


Promoting Good Publicity—Don O'Reilly 


VERY phase of the public relations 

program is important. Whether 
one is more essential than another may 
be a subject for controversy, but, in 
any event, the chain is only as strong 
as its weakest link. The part of the 
public relations program which this pa- 
per will discuss is the promotion of 
publicity. 

The first step in promoting good 
publicity is to arouse the interest of 
the newspapermen in the activities of 
the water department. A water works 
which has figured in the news to any 
extent does not have this problem, but 
those utilities which have been giving 


“silent service’’ must create interest. 


Value of Friendly Newsmen 


It is not hard to get acquainted with 
the reporters who are assigned to the 
area in which the utility is located, be- 
cause it is their job to know people in 
all walks of life. If they once discover 
that a water works official is a source 
of news, he will have little trouble 

_ keeping their friendship. 


Most newsmen are interested in do- 
ing an impartial and objective report- 
ing job. But the fact remains that a 
reporter can slant a story either way— 
pro or anti. In fact, to make them in- 
teresting, most stories must be slanted 
one way or the other, because the so- 
called “middle of the road”’ stories lack 
“punch.”” Reporters are human, and 
though they don't “color” their stories 
—of course, there are some possible 
exceptions—or editorialize, they do 
lean toward the cause in which they 
believe. An example or two will illus- 
trate this point. 

The author was working on _ the 
Washington Post when he received a 
call from a group of citizens who were 
peeved at the Washington Suburban 
Sanitary Commission. They lived in 
one of the many new developments 
which have sprung up so rapidly in the 
national capital area. Their complaint 
was that a near-by stream was polluted 
by a discharge of sewage, and they had 
erected a large billboard warning that 
the stream was unsanitary. 
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After visiting the area and talking 
with the residents, the author had suf- 
ficient facts and could easily have writ- 
ten a story critical of the commission. 
Although he had no interest in the 
commission at that time, the engineers 
in charge had always been cooperative 
and had tried to be helpful in every 
way. The author therefore phoned the 
commission and was given considerable 
additional information. It e€x- 
plained that the development was 
growing so fast that emergency steps 
had to be taken until such time as the 
costly trunk sewers could be con- 
structed; the commission was as dis- 
satisfied with the situation as were 
the residents of the area. 

Thus, instead of a story critical of 
the unsanitary conditions, the article, 
which ran almost a column long, told 
about the commission’s plans to elim- 
inate stream pollution, not only in that 
particular area, but in other sections 
as well. In this way, the officials’ ef- 
forts at cooperation later paid off by 
turning a possibly critical and harmful 
story into one which was constructive 
and beneficial. 

About a year and a half later, the 
author was engaged as the Washington 
Suburban Sanitary Commission’s first 
Public Relations Director. Needless 
to say, he did not have to get ac- 
quainted with the newsmen, and _ their 
friendship proved invaluable when a 
tragic incident occurred. A steel com- 
pany was building an elevated tank for 
the Sanitary Commission, and the 
Washington newspapers did feature 
stories on it. The Post had a particu- 
larly unusual and effective photograph 
showing one of the workmen on the 
spiral ladder. The story, of course, 
centered around the Sanitary Commis- 
sion, with the builders getting a little 


Was 
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credit along the line. Unfortunately, 
a week later, the workman in the pho- 
tograph suffered fatal injuries in a fall 
from the tank, and local firemen were 
summoned in a vain attempt to save 
his life. This spelled news in any 
man’s language. 

The author received calls from the 
reporters and gave them all the facts 
available. It was an unavoidable acci- 
dent, and, though most unfortunate and 
regrettable, there was no thought of 
covering it up. The Post carried the 
story on page one and repeated the 
week-old photo of the workman on 
the circular ladder. However, where 
a week before the story had been con- 
cerned largely with the Sanitary Com- 
mission, this article told about the tank 
being built by the contractor and ended 
with the sentence: “The tank is being 
built for the Sanitary Commission.” 
This was the only mention of the com- 
mission in the whole story. The man- 
ner of treatment of both stories by the 
reporters was due to their friendship 
for the commission. 

Just to show how a story is usually 
“slanted” one way or the other, it could 
read, “Hundreds of families were de- 
prived of water service for two hours 
this morning ... ,” or “Water service 
was back to normal at noon today after 
a midmorning interruption. ...” Not 
a great deal of difference, but which 
version would be preferred by the wa- 
ter works involved ? 


Fair Play 


\fter the acquaintance of the report- 
ers has been made, it is still necessary 
to play fair with them if their friend- 
ship is to be kept. They must be 
treated alike, and, above all, with com- 
plete honesty. No information should 
be withheld or inaccurate statements 
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given. Even when it is not possible 
to talk for publication, the reporters 
should receive full details “off the 


record.” Newsmen are proud of the 
tradition that confidences are held in- 
violate. 

Many times stories break right on 
a reporter’s deadline, and if he knows 
he can depend on an official, he will 
accept his statement without further 
checking. 

It is far better to be able to stop an 
inaccurate criticism from appearing in 
print than to have it appear today and 
deny it tomorrow. Many who read 
the original story will miss the denial ; 
half of those who read both will believe 
the first story; and those who see only 
the denial will let their imaginations 
run wild—and then a really bad situa- 


tion will result! 

Newspapers may object to the reams 
of press releases that flood their offices 
daily, but there are press releases and 
press releases. The criticism is lev- 
elled at those in which the “meat” of 
the story is buried—frequently in the 
last paragraph. Often, there are 
hidden meanings in some of the stories, 
or else the facts are only half told for 
various reasons. 

The author has found that press re- 
leases written in regular newspaper 
style are very acceptable. These should 
be delivered to the reporters them- 
selves rather than sent to the news- 
paper city desk. <A press release will 
not usually be taken at face value un- 
less the reporter knows the writer 
and has confidence in him. Technical 
phraseology should be avoided. 

It is a good plan to send releases out 
on regular newspaper copy paper, tri- 
ple spaced, with plenty of room at the 


Press Releases 


too, 
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top of the first sheet. The reporter 
will frequently tear off the commission 
letterhead, type his own name on the 
release and turn the copy in as is, 
This may sound as if the newsmen are 
lazy and are taking the easy way out, 
but it must be remembered that when 
a reporter is responsible for all the 
news in a whole county—approxi- 
mately 150 square miles—he is usually 
kept busy. For example, the last week 
that the author worked on the Post, 
he covered a murder trial in the court 
house, followed another murder in- 
vestigation at police headquarters, in- 
cluding an eight-state search for the 
murderer, and still kept in touch with 
all the routine news. What a bless- 
ing press releases would have been 
then! 

Releases should tell the whole story 
in the first two paragraphs, which must 
nevertheless be kept short. If it is bad 
news, such as a rate increase, there is 
no sense in burying it beneath a long 
dissertation on the higher cost of pro- 
duction, because when it gets into 
print, it will start like this anyway: 
“Local water consumers will be faced 
with a rate increase July 1.” The 
reasons for the increase will follow. 

Many ways of getting good publicity 
are outlined in the A.W.W.A. Public 
Relations Study No. 6, and it is ree- 
ommended that these excellent sugges- 
tions be followed. The author has not 
attempted to elaborate on these meth- 
ods but merely to emphasize and illus- 
trate some of the highlights. 

Every area is faced with a different 
problem. The Washington Suburban 
Sanitary Commission has operated effi- 
ciently for three decades—so efficiently 
that people knew little about it. In 
fact, many were amazed to learn that 
it is not privately owned but is a 
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July 1948 PUBLIC 
municipal operation. A very public- 
relations-minded engineering depart- 
ment, however, is helping the author 
use the schools, the radio and the news- 


Use of Paid Advertising— Walter S. Byrne i 


ATER service is so uniformly 

good that it is taken for granted 

1e public “never misses the wa- 
ter till the well runs dry.” It often 
takes an accident or interruption of 
service to force the utility or its offi- 
cials before the public eye. Although 
the public itself may be partially to 
blame for this condition—for example, 
through the passage of restrictive legis- 
lation—in the main, the fault lies with 
water works men because of their ab- 
sorption in the technical phases of the 
industry and their too frequent con- 
tempt for the problemas of public rela- 
tions. 

The public is entitled to know the 
facts of the water business. Its service 
and product are essential to public 
health and safety. Its financial needs 
and problems are those of every indi- 
vidual citizen and the community as 
a whole. The fact that the majority 
of the plants are publicly owned and 
operated is no reason or excuse for 
failure to conduct the utility on an ef- 
ficient and businesslike basis, making 
use of such methods and media for the 
dissemination of information as judi- 
cious private ownership and operation 
would employ. 

On the principle here involved, the 
Supreme Court of Nebraska said in 
its decision of a suit bre ught to enjoin 
the Metropolitan Utilities District of 
Omaha from selling gas appliances: 

We think the correct rule is: If a 
municipal corporation legally acquires a 
public utility plant, with the right to 
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papers to tell the commission’s story. 
As far as the commission is concerned, 
service comes first, but “Silent Service 
Is Not Enough.” 


operate it for the benefit of its inhab- 
itants, it would likewise acquire by im- 
plication the right to do all the things 
that a private owner might do in order 
to furnish economically and efficiently to 
the citizen the product in which it deals. 

Of course the water works operator 
is as much bound by the words “for 
the benefit of its inhabitants” and the 
words “economically and efficiently” as 
he may feel emancipated by the general 
theory of the decision, but that is the 
nature of practically every responsibil- 
ity he has. In any event, the decision 
emphasizes the importance of the prob- 
lem of using paid publicity or advertis- 
ing and dismisses the idea that adver- 
tising is an “end” instead of a “useful 
means” or tool which may or may not 
be “economically and efficiently” used. 
Consulting Experts 

There must first be a necessary and 
beneficial purpose to be accomplished ; 
this being so, it is natural to progress 
to the use of economical and efficient 
media, whatever they may be. The in- 
fallibility of the water works operator 
alone to decide the most efficient me- 
dium is dubious. Almost everyone dis- 
claims being a public relations and ad- 
vertising expert, but at one time or 
another makes opinionated and quasi- 
authoritative pronouncements, just as 
the author is doing at present. There 


are experts, however; at least, there 
are men and organizations in almost 
every city who make a good livelihood 
working as public relations and adver- 
tising counselors. 


Almost all offer a 


4 
{ 
n 
€ 
t, 
n 
e 
ly 
k 
t. 
rt 
1- 
th 
s- 
ry 
ist 
ad 
is 
ng 
ito 
y: 
ed 
he 
ity 
slic 
eC- 
es- 
not 
th- 
us- 
ent 
yan 
ffi- 
itly 
In 
hat 
a 
‘ey 4% 
6 


686 B, COO 
consulting service. The individual util- 
ity should submit its problem to one of 
them in its entirety, presenting in com- 
plete detail the nature, urgency and 
purposes to be accomplished. They 
should be taken into confidence, espe- 
cially if a selfish motive can be charged. 

An expert’s opinion may perhaps be 
that the utility’s cause would be hurt 
more than helped by the use of paid 
publicity. It may be that one advertis- 
ing medium would be advisable or use- 
ful and another detrimental. The Met- 
ropolitan Utilities District of Omaha, 
Neb., found radio, a medium it uses 
regularly, wholly unadapted to one of 
the largest publicity campaigns it has 
ever conducted. Handbills, on the 
other hand, though never before em- 
ployed, were most essential and effec- 
tive. An advertising counselor may 
be presumed expert in evaluating me- 
dia for a special purpose. 

To trespass once more on the ex- 
pert’s domain, in the author’s opinion, 
no beneficial results can be expected 
from the use of a reputable newspa- 
per’s space for the purpose of favorably 
influencing the paper’s editorial and 
news policy. Generally speaking, the 
effect will be the reverse and most 
often these days the publisher is doing 
the advertiser a favor when he permits 
him to use his precious space. 

Some years ago one of the nation’s 
leading authorities on publicity told a 
prospective utility client: “Ninety per 
cent of my fee will be for telling you 
when to say nothing; the other 10 per 
cent will be for telling you what to say 
and when to say it.” 


NEY ET AL. 


Advantages of Paid Ads 


Naturally, the question arises: if a 
story has news value and is important 
to the whole community, why pay for 
having it published? In the first place, 
the ability of the water works man to 
judge newsworthiness is doubtful ; and, 
second, the author’s experience has 
been that misfortunes and accidents 
are most newsworthy in the editor's 
opinion. 

Limited observation leads the author 
to believe that the water works indus- 
try is the beneficiary of less indirect 
and favorable paid advertising than any 
other type of utility. Merely scanning 
a popular magazine will turn up evi- 
dence of the help that transportation, 
power and communications utilities are 
receiving from both manufacturers and 
their own trade associations. On the 
other hand, in ten years the author can 
remember only two advertisements in 
national magazines directed to the pub- 
lic about the water industry. One was 
by Monsanto urging the public to de- 
mand the use of its product or process 
by water works. The other was the 
series of well-written and helpful ads 
published by the Cast Iron Pipe Re- 
search Assn. These built confidence 
in water works officials, construction 
and service. 

advertising in appropriate me- 
dia is a completely controllable tool, 
The advertiser may say what he wants 
when he wants and—most important— 
in the way he wants to say it. It 1s not 
necessary to rely on someone else’s in- 
terpretation of fact. 


Dealing With Public Officials—M. B. Cunningham 


HIS paper will discuss briefly the 
subject of relations with public of- 
ficials, especially from the standpoint 
of a water department superintendent, 
who has to deal with elected officials 


and, perhaps, with a city manager, é 
board, a commission and important 
citizens. 

Dealing with public officials become: 
more realistic and effective when firs 
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consideration is given to rendering 
courteous service to the public. If 
such service is maintained, and intelli- 
gent and timely information about 
what is going on in the water depart- 
ment is released, public officials are 
more inclined to listen to comments 
and recommendations by the depart- 
ment. “Silent Service Is Not Enough.” 

From past experience, the Oklahoma 
City Water Dept. bases its public re- 
lations information, like construction 
work, on plans and specifications. It 
respects the laws of human nature by 
striving to design information from the 
point of view of the other fellow, not 
always from the department's outlook. 
After all, the objective is to inform and 
influence other people, to get their co- 
operation and assistance and prevent 
misinterpretation. 

Public officials are anxious to give a 
good accounting of their service to the 
people. The Water Department makes 
their position easier, as well as its own, 
by keeping them advised of its needs 
and accomplishments, and—most im- 
portant—by presenting suggestions and 
carefully planned recommendations on 
the problems which confront it. In 
addition, copies of employee bulletins 
are sent to the city manager, the mayor 
and the city council. 

water superintendent requires 
teamwork to carry out his public rela- 
tions program. No other group is 
likely to be as helpful as public officials. 
It is necessary for the water superin- 
tendent to find a way to get them on 
his team, especially those with whom 
he works and on whom he depends for 
approval of his recommendations. 

Public officials should be informed 
of important facts in advance of news 
releases, particularly if they can ex- 
pect to be questioned about the sub- 
ject. Failure to do this often results 
in conflicting statements, and what was 


RELATIONS SYMPOSIUM 


intended as good publicity turns out to 
be bad. 

Alertness in publicizing future diffi- 
culties can avoid needless complaints. 
In 1947 the Oklahoma City Water 
Dept. was confronted with a problem 
which affected an entire section of the 
city where development had been so 
rapid that a new force main was 
needed, representing a $500,000 invest- 
ment. Early in the spring the depart- 
ment realized that low pressures would 
be inevitable during summer peak 
loads. Everyone concerned, including 
public officials and consumers, was 1n- 
formed in advance why low pressures 
would occur and what construction was 
proposed as a remedy. Consequently, 
people understood the problem and 
were considerate and tolerant of it. 
Public officials were pleased because 
they did not receive a multitude of 
complaints. 

News is perishable and should be 
made short and interesting. This ap- 
plies equally well to reports made to 
public officials. If the problem is 
stated at excessive length and no solu- 
tion or suggestion is offered, or if a 
glance is enough to tell that the report 
is dull and lifeless, it will not be read. 
On the other hand, if it is interestingly 
presented and includes a summary con- 
taining sound proposals and solutions 
to problems, the report will be given 
proper attention. 

There are a number of principles 
which the author has found helpful to 
keep in mind: (1) three important 
viewpoints must be considered—the 
public official’s, the water works ex- 
ecutive’s and the public’s; (2) telling 
the truth adds to the reputation of the 
department; (3) photographs should 
be made to tell the story; (4) public 
relations programs should be coordi- 
nated with those officials who deter- 
mine objectives and policies; (5) it 
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688 R. B. 
pays to be fair, cooperative, sincere, 
friendly, alert, accurate, appreciative 
and human; (6) it is unwise to play 
favorites, complain or ask favors; (7) 
full use should be made of A.W.W.A. 
public relations material. 


Selling a Project to the Public—Kenneth V. Hill 


HE people of Moline, IIl., are water- 

conscious. They are especially 
concerned with tastes, odors and hard- 
ness; and the water filtration plant and 
its product are of interest to the aver- 
age citizen. 

Moline is a rapidly growing indus- 
trial city with an estimated population 
of approximately 40,000. About 60 
per cent of the total water scld is used 
for industrial purposes. Water has 
never been sold at Moline for less than 
the cost of production and distribution. 
To help meet the expense of construct- 
ing and operating proposed improve- 
ments in the system, a new rate sched- 
ule has been enacted providing for a 
334 per cent rate increase for cus- 
tomers inside the city, with no change 
for those outside the city limits. 

The present water works superin- 
tendent, A. E. Anderson, is rounding 
out thirty years of service, during 
which he has been responsible for and 
has guided the development of two ma- 
jor improvements to the water works: 
the construction of a 5-mgd. filter plant 
in 1932, involving an expenditure of 
about $350,000; and the present im- 
provement to the filter plant, which 
comprises an increase of 50 per cent 
in capacity and conversion to softening 
at a cost of about $700,000, conversion 
from steam to motor-driven pumping 
at a cost of approximately $400,000 
and a new intake and shore well. 

Both the 1932 improvement and the 
present one, bids for which were re- 
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In the author’s opinion, the degree 
of success which may be attained in 
dealing with public officials depends 
largely on planning and on the intelli- 
gent application of these and other 
principles. 


ceived on May 13, 1948, have been 
financed by the issuance of water reve- 
nue bonds. In 1932 the contractors 
were paid in bonds which they ace- 
cepted at a discount. 

The bonds issued for the new work 
bear 2.93 per cent interest and are to 
run for a period of twenty years. At 
present there are approximately $205, 
O00 worth of noncallable bonds out- 
standing on the 1932 issue. These are 
scheduled for retirement at the rate of 
$15,000 to $25,000 per vear up t 
1958-59, 

In order to take the best advantage 
of increased earnings, the new bonds 
maturing in the year 1977 are callable 
December 31, 1953, and those matur- 
ing in the years 1970-76 inclusive are 
callable December 31, 1958. 


Preparatory Steps 


The steps taken in preparation for 
the present project were the usual me- 
thodical and careful procedures which 
have characterized the conduct of the 
affairs of the water department. They 
included : 

1. Appointment of a citizens’ com- 
mittee to work with the water commit- 
tee of the City Council. Technical per- 
sonnel of the principal industries were 
included in the citizens’ committee. 

2. Selection of engineers to investi- 
vate and report on the immediate and 
foreseeable future needs of the water 
system and their estimated cost, 
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3. Employment of engineers to make 
a study of existing water rates and 
their adequacy or inadequacy to finance 
the construction and operating cost of 
the proposed improvements. 

4. Consultation with financial houses 
and special bond attorneys on the ade- 
quacy of the rates in the proposed re- 
vised schedule to cover increased op- 
erating costs and debt servicing. 


Making Friends of Customers—Ellsworth L. Filby 


WATER utility is a service insti- 

tution—built and developed to 
supply essential service to the people of 
a community or area. The ownership 
of the utility may be public or private, 
but both types depend for their success 
on how well they satisfy the require- 
ments of their customers. A waier 
utility has only two things to sell, serv- 
ice and water. If it fails to satisfy its 
customers, it has failed to sell half of 
its potential product. 

In a monopolistic utility, where there 
is but one service which can be pur- 
chased, there often develops a lacka- 
daisical attitude of “So what? If you 
want water, you buy it from us—or 
you don’t get it.” This is the old 
“public be damned” attitude that has 
brought about governmental regulatory 
measures and creates socialistic trends. 
In a developing country, customers 
were the least of the worries. The 
changed status of the customer today, 
however, is indicated by the message 
on a framed placard which hangs in 
every office of the St. Louis—San Fran- 
cisco Railway System: 

A customer is the most important per- 
son who calls on us. 
favor 


A customer is not someone we 


by serving; but the one who favors us — 


by permitting us to serve him. 
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5. Word-of-mouth canvassing of the 
industries and citizens of Moline about 
their attitudes toward the project, plus 
contacts with the Chamber of Com- 
merce and various service clubs. 

6. Passage by the City Council of 
the revised rate schedule and the nec- 
essary ordinances to cover the issuance 
and sale of the revenue bonds. 

7. Sale of the bonds. 


A customer is not who de- 
pends on us; but the one on whom we 
depend. . . 

A customer is not an interruption in 
our work; but the purpose of it. 

A customer is not someone to argue or 
match wits with . nobody ever won 
an argument with a customer. 


someone 


This is a far cry from the days of 
Jim Hill, but it was only yesteryear 
when courtesy was the forgotten art 
in stores, when it was take it or leave 
it, the price is so and so. Today utili- 
ties—railroads, gas, electric and com- 
munications—have entire departments 
working to be ready to serve the in- 
stant they are needed. <All utilities are 
alert in helping to develop their terri- 
tory and aiding the people and busi- 
ness in it so that they in turn may 
grow; the utilities are selling service 
primarily and a product second. 

Water works customers can be 
friends! The ways to accomplish this 
are easily found, but it is a step for- 
ward that takes planning plus a_ will- 
ingness to go that “extra mile” to make 
a friend. The utility organization must 
he keved to make friends and not func- 


automaton, from 


tion as an 
when certain buttons are pushed, the 
stereotyped answers come forth, and 
to which the customer is just a “nee- 


which, 
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utility, the rate schedule 
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essary evil” to be treated with frigid 
contempt. 


Treatment of New Customers 


Normally customers have few con- 
tacts with the department; many only 
two—when they sign up for service 
and when the final accounting is made. 
They seldom see the meter readers; 
they get a bill by mail which they pay 
by check; they have no idea how the 
wheels go round and often do not care, 
unless an attempt is made to interest 
them. ‘ 

The first contact is when the new 
customer comes into the office to have 
the water turned on. Here is the ini- 
tial opportunity to make a friend. A 
pleasant, neat receptionist should ask 
courteously, in a nicely modulated 
voice, “Can I be of service to you?” 
The stranger should not have to look 
around in bewilderment and be forced 
to inquire where to apply. How easy 
and pleasant to have someone volun- 
teer to help, to see that the new cus- 
tomer is seated comfortably at a desk 
designed to allow his knees to extend 
beneath it—a desk designed for his 
comfort as well as the comfort of the 
employee. At such a “one-stop” desk, 
after a moment of greeting, the essen- 
tial data can be obtained, a deposit se- 
cured if required, and the necessary 
charges made for the service tap. All 
the business is thus transacted at one 
spot, in a quiet place which is air con- 
ditioned for comfort and convenient of 
the first floor or street 
level, if possible. A brief explanation 
of the discount or penalty system, the 
period of billing and the like can be 
given in a few moments, and as a part- 


access—on 


ing gesture the new patron may be 
presented with a handy illustrated 
folder containing a description of the 
and other 
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pertinent information, as well as ap 
invitation to visit the plant. Special 
folders can be designed for the various 
categories of customers—domestic 
commercial and industrial—giving data 
of value to each. Why try to explain 
sprinkler fire service rates to a domes. 
tic customer when the sprinkler he 
thinks of is probably for use on the 
lawn? <A few pleasant remarks op 
parting : “The water will be turned on 
in the morning if it is convenient for 
you, s* We hope you will like our 
community and that you will take a 
part in making it a better place to live, 
... We are here to serve you—call 
on us,” and the department has taken 
the right step in making a friend of 
the new customer. 

The “one-stop” desk can also be the 
complaint and adjustment department, 
where simple services that create 
friends instead of enemies can be ren- 
dered to the patrons. 7 


Service Cutoff 


When customers close up the house 
but forget to tell the water department 
they are going away, the meter reader 
should function as a human being and 
write “out of town” on the slip. Ifa 
bill has not been paid, past perform. 
ance should be taken into consideration 
instead of treating all alike and cutting 
off service. Notices of “past due ae 
count” should be courteously phrased 
and not brusquely admonish the cus- 
tomer to pay up or be cut off. A few 
more printed words—a_ presumption 
on the part of the department that the 
bill has been lost or overlooked—or 
perhaps a phone call from the “service 
department” to the effect that the de- 
linquent date is close at hand, constr 
tutes a friendly gesture of neighborly 
helpfulness which is preferable to a 
cold, businesslike attitude. These sim- 
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ple things make up that little “extra” 
service so much appreciated by every- 
one. 

The meter readers, cashiers and 
other departmental employees who 
may have contact with the customer 
should be neatly attired, greet patrons 
pleasantly and render personalized, ef- 
ficient service. 

“The customer is right” has proved 
to be a good business slogan to follow. 
The staff soon learns how to handle 
customers; how to listen to their com- 
plaints, their trials and tribulations; 
and how to sift the wheat from the 
chaff. Customers are human beings 
who make mistakes, just as some de- 
partments occasionally err. And if the 
utility is in error, it should be openly 
admitted and the necessary amends 
made. The public should be taken into 
confidence because an enlightened com- 
munity will always cooperate with a 
management it can trust. 


Flexible Procedure 

Everyone knows that it is desirable 
to have flexibility built into the plant 
and system. Flexibility, plus the “fac- 
tors of safety’ so commonly used by 
water works engineers, has enabled 
utilities to carry on through years of 
war, shortages and depressions. Cus- 
tomers must be treated with a like de- 
gree of flexibility, not in accordance 
with rules which may have been ap- 
plicable in the horse-and-buggy days 
or which were adopted because another 
locality found them satisfactory. 

Sometimes customers are requested 
to sign an acceptance of “applicable 
rate schedules and rules and regula- 
tions now or hereafter in effect.” It 
is indeed a truism that an American 
can be persuaded to sign anything; 
but while many will sign anything to 
get water, is it not a sad commentary 


S SYMPOSIUM 


on the intelligence of the customers to 


It should be made easy for custom- 
ers to fulfill their part of the contract. 


ask them to agree to rules as yet oe 
written ? 


In some cities the gas and electric utili-— 


ties have branch payment offices, and 
the phone bill can be paid at the neigh- 
borhood bank. Yet to pay the water 
bill it is necessary to go downtown to 
City Hall. Of course, it is possible to 
mail a check, but many small custom- 
ers do not have a checking account. 
This difficulty could be eliminated by 
a cooperative program with the local 
banks or by having a deputy collector 
at the police station. And if a cus- 


tomer owns his own home and _ has 
established satisfactory credit in the 
community, he might be allowed to 
prepay his bill, based on last year’s 
consumption. This would require only 


one trip to City Hall instead of four, 
six or twelve, and the saving of time 
and expense will build better customer 
relations. 


Periodic Reports 


Municipal utilities are owned by the 
public—a fact that is too often forgot- 
ten. Private concerns, from the giant 
oil corporations to the local stock com- 
pany, all render yearly reports to their 


owners on business, earnings, ex- 
penses, future plans and the like. Yet 
very, very few municipal water works 


give an account of their stewardship. 
Pride of ownership cannot be created 
overnight! When public support is 
it is impossible to capsule 
all the utility’s accomplishments, needs 
and requirements and jam them down 


necessary, 


the throats of the owners—they are 
likely to gag. How much easier to 


acquaint the public month by month 
and year by year with simple, factual 
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reports readily understood and attrac- 
tively presented! Certainly, many re- 
ports are never examined and statisti- 
cal compilations merely use up library 
space, but some are read and studied. 
They work for the utility just as any 
other tool in the department. 


Signs are silent salesmen and can 
serve the utility well. Messages on 


construction barricades might read: 

Suilding a Better Jackson!” or “For 
Better Fire Protection.” The public 
can be made aware of what the water 
works is accomplishing, by a_ poster 
such as “City of Xville—14-million- 


HIS symposium on public relations 
activities is a milestone in the 
Association. It pro- 
vides evidence of the progress made in 
the field by members who have taken 
some measure, at least, of their inspira- 
tion from the studies in the series 
“Silent Service is Not Enough. “¢ 
The Board of Directors and the 
A.W.W.A. staff await with the great- 
est of interest whatever suggestions the 
members might make to outline the 
course to be followed in advancing the 


progress of the 


good work already done. Will you 
give us your counsel ? 
One thing we have learned which 


should have some bearing on future 
action. It has been clearly demon- 
strated that, just as water works men 
failed to gain the public support they 


deserved, so also do public servants 
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Progress in Public Relations—Harry E. Jordan 


Jour. AWWA 
gallon clear water reservoir—a reserve 
for peak demands—constructed from 
earnings [or through a bond issue}, 
The Water Department works for the 
progress of Xville.” 

“Silent Service Is Not Enough . . .” 
has plotted the course. It is truly a 
most excellent guide and the last sec. 
tion is the best yet. The author hopes 
the series will not be discontinued. 
for it has been excellently constructed 
and presented. Water works men 
must keep everlastingly at the job oj 
public relations because it is so easy 
to slip back into routine. 


payee 


generally appear not to understand or 
apply the otherwise characteristic 
American method of promoting ap- 
proval and sustained public support 
for their efforts. 

Thus, although water works met 
will, as a result of the work the Asso- 
ciation has done, make progress in 
building good will, they must remem- 
ber that even greater progress would 
result if the other municipal technical 
services, and even the administrative 
services, were actively aware of the 
propriety of planned effort to develop 
and maintain the affirmative support 
of the people they serve. 
many American citizens are 
cynical about municipal government 
and municipal public service. Is it not 
time to demonstrate that loyalty 1s 
deserved rather than cynicism? 
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mittee Chairman Abel Holman. 


and Victor Weir. 


He United States, which now com- 

prises about 145,000,000 people, 
covers an area of more than 3,000,000 
square miles and is richly endowed in 
many sectors with surface and under- 
ground water resources, but these must 
be intelligently conserved used. 
To state that such a country as this is 
a far cry in its complexities and in its 
requirements from the one which es- 
tablished the rules of the game for a 
federation of governments in the late 
eighteenth century is to put it mildly. 

In the public water supply and sew- 
erage fields, the nation is confronted 
with the probable expenditure of some- 
what less than eight billion dollars dur- 
ing the next five to ten years. 

In the Missouri Valley area over 
two billion dollars of construction is 
contemplated under the Pick-Sloan 
Plan. If the St. Lawrence Seaway is 
ever constructed, it will cost between 
700 and 1,000 million dollars. During 
the current fiscal year alone, the U.S. 
Corps of Engineers may spend almost 
300 million dollars for flood control 
work. The Bureau of Reclamation 
anticipates expenditures for the next 
five to ten years well in excess of sev- 
eral billion dollars, with recent con- 
gressional approval of a $195,000,000 
budget, one of the largest in its history. 


National Policy on Water Resources 


Committee Report 


A, This report has been accepted in principle by 
we the Association's Board of Directors, and the statement on p. 697 has 
aii been adopted as an official declaration of A.W .W’.A. policy. 
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pl 
This bare sampling of the prospect 
in water development should give the 
discerning citizen some inkling of the 
kinds of perplexing problems which 
plague the states and the federal gov- 
ernment in connection with the alloca- 
tion of water, the financing of projects, 
reimbursal programs, jurisdictional ad- 
nunistration and—by no means least— 
political jockeying for power and _ re- 
sponsibility. 


Conflicting Opinions 


The Committee on National Water 
Policy is confronted with a_ simple 
question posed by the A.W.W.A. 
Board of Directors: “What should be 
the position of the American Water 
Works Association on national water 
policy?” The question, of course, is 
far simpler than any conceivable an- 
swers might be. No two groups of 
people are in accord either on the un- 
derlying philosophy of control or on 
any of the myriad of details of its im- 
position. Many advocates of states’ 
rights, particularly if they are not too 
close to the realities of the problems, 
have simple replies to this question— 
almost as simple as those of the “cen- 
tralists.” These answers, however, 
have never been developed, administra- 
tively and fiscally, into any structure 


A report of the Committee on National Water Policy, presented on mie 
May 4, 1948, at the Annual Conference, Atlantic City, N.J., by Com- yen er 
The other committee members are 
A. P. Black, E. Sherman Chase, Samuel B. Morris, N. T. 
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which might be conceded a high prob- 
ability of success. Every guardian of 
the democratic shares the 
desire to preserve the autonomy of the 
states. It is the translation of this au- 
tonomy into workable machinery which 
can meet the pressing issues of water 
resources development that confounds 
the objective student in this field. 

The familiar device for dealing with 
many of these issues is to establish a 
federal authority. The beauty of this 
scheme depends upon the eyes of the 
beholder. The late Elwood J. Turner 
(1), formerly Chairman of the Inter- 
state Commission of the Delaware 
River Basin, did not view too favor- 
ably the Tennessee Valley Authority 
type of organization, because he felt it 
tended to discourage local participa- 
tion and rested too heavily upon the 
faith and credit of the national treas- 
ury. Morris L. Cooke (2), on the 
other hand, approvingly describes the 
same enterprise as an “Authority with 
a novel concept of local autonomy.” 

As to the apparent necessity of some 
form of regional agency, either for 
integration or for the 
actual execution of projects, the com- 
mittee is confronted with a long se- 
ries of antagonistic proposals. Even 
within the U.S. Department of the 
Interior, two successive Secretaries 
have held opposing views on regional 
agencies. 

Stevens and Horner (3) recently pro- 
posed, as substitutes for river valley 
authorities, the newly named “Basin 
Development Councils,” main 
objective would be the development 
of basin plans on iocal and regional 
levels. They provide for only lim- 
ited coordination and integration on 
the national level, however, except 
through the auspices of existing fed- 
eral agencies. 


processes 
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Even aspirants for the presidential 
nomination enter the field of water 
resources development aware of the 
necessity for some form of regional 
cooperation. Within the past few 
months former Governor of Minnesota 
Harold E. Stassen (4) proposed 
Omaha that a Missouri Valley regional 
organization be set up with authority 
for operating the numerous projects in 
the Missouri Valley, “as an integrated 
unit to assure efficiency and an ade. 
quate return to the taxpayers.” The 
projects before this agency would have 
their origin in each participating: state 
and the group would make contracts 
with a federal agency or agencies for 
management. Stassen conceives that 
this unit originating with the states is 
preferable to the proposals of Senator 
James E. Murray (D., Mont.), one of 
the active advocates of a Missouri Val- 
ley Authority, patterned after the fa- 
miliar TVA. 

All of this ferment stems from the 
fact that there are competitive interests 
involved in the development of water 
resources, that there are variable plans 
for development, that conflicting finan- 
cial methods might be applied and that, 
in some very important areas, there is 
insufficient water to go around. Cou- 
pled with these difficulties, there are the 
great networks of interstate streams, 
representing in their watershed inter- 
ests a very large part of the entire 
United States. 

When to these complications are 
added the competitive interests and 
jealousies of individual states—and, at 
times, of parts of the same state—and 
of various federal the result 
is a situation of conflict which has been 
brewing for well over a century. 

The are not likely to be re 
solved by name calling, even though 
one may detect, in a number of the as- 
sociations pressing forward on the wa 
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ter resources front, some interests that 
are less than frank and others that are 
more than selfish. These are the inci- 
dental and natural attributes of a na- 
tional controversy in which easy an- 
swers are not discernible and in which 
the financial and socio-economic stakes 
are high. 

Some anomalous conditions are cre- 
ated even by the participation of dis- 
tinguished senators and members of 
the House of Representatives in cer- 
tain powerful voluntary groups. It is 
one of the few instances in the deter- 
mination of the national policy where 
members of Congress sit on both sides 
of the fence. 

Faced with this mass of competing 
beliefs, desires and panaceas, the Com- 
mittee on National Water Policy has 
determined that perhaps its most use- 
ful contribution to the Association 
would be to present certain general 
principles which might serve as a 
guide to the individual members. This 
way out is not chosen solely to avoid 
coming to grips with a national prob- 
lem by considering only agreed princi- 
ples discernible today, but also because 
these principles might later be trans- 
lated into active policy as Congress 
pursues its deliberations. 

There is a growing awareness among 
the states that the public interest re- 
quires the full and balanced utilization 
of water resources. The traditional 
practice of approaching flood control, 
pollution abatement, industrial and do- 
mestic water use, navigation, water 
power, irrigation, fisheries, and recre- 
ation as distinct and separate problems 
has led to wasteful expenditures. It 
has likewise stimulated conflict be- 
tween agencies at various governmen- 
tal levels, between governmental units 
themselves and between government 
and private groups. 
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A natural consequence of such frus- 
trating dilemmas has been a less than 
adequate utilization and development 
of the nation’s water resources. 


Recent Indications 


Some recognition of the necessity for 
a national water policy development, 
as well as for an agency to translate 
policy into program, appears in the 
recently proposed Senate Bill 2255 to 
establish a “National Water Policy 
Conservation Authority, and for other 
purposes.” It was introduced in the 
Senate of the United States by Senator 
Patrick A. McCarran (D., Nev.) on 
March 3, 1948. . 

The agency proposed in S. 2255 is 
to study the problems of the conserva- 
tion, development and utilization of 
water resources and the parallel prob- 
lems of land conservation, development 
and utilization, in order to prepare 
recommendations to Congress on gen- 
eral policies. 

The Association’s committee has not. 
reviewed S. 2255 in detail. The bill 
does not fulfill in all of its individual 
parts the views of the committee, but 
it does give recognition to the prob- * 
lems being discussed. Such an act, 
probably modified in certain important 
details—for example, the composition 
of the Authority itseli—would revive 
once more on a federal level a review- 
ing agency to provide for the integra- 
tion of interagency decisions and for 
an arena in which state-federal contro- 
versies might be resolved. In fact, 
the establishment of a forum of an offi- ‘ 
cial nature for state and federal dis- 
cussion would restore a procedure em- 
ployed many years ago and which, in 
modified form, existed only ten years 
ago. 

It appears inescapable that 
continuing group must be made avail- 
able on the federal and state levels to 
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review and to integrate with expert- 
ness and objectivity the vast undertak- 
ings with which the country is con- 
fronted. Such a review cannot take 
place continuously on the battlefield 
without loss to the citizen, nor can 
it be accomplished by individuals or 
groups that have special interests, even 
though it should be emphasized that 
these deserve and must have their op- 
portunities for hearing and adjudica- 
tion. Integration likewise is impos- 
sible, on any comprehensive _ basis 
either locally or centrally, by competi- 
tive official groups whose primary con- 
cern must remain that of execution. 

The principles herein proposed par- 
allel in most essentials the attitude and 
philosophy of the Association’s Board 
of Directors in its review of Senate 
sill 418, dealing with the control of 
pollution in resources. The 
views of the Board,* as discussed at 
its meetings in 1947 and 1948, may be 
generally paraphrased thus: 

1. The Association has a continuing 
and vital interest in the reduction of 
the pollution of surface waters in the 
United States. 

2. The Association holds that the 
primary responsibility for the control 
of stream pollution rests with the 
states, their political subdivisions and 
the industries therein located. 

3. Recognizing that rivers do not 
respect state lines, the Association 
agrees that the coordination and pro- 
motion of stream pollution correction 
can be facilitated by limited legislation 
at the federal level. 


water 


*The resolution on _ pollution control 
adopted by the Board in January 1947 is 
quoted in the January 31, 1948, letter to all 
members, which accompanied the Secretary's 
report of the Board of Directors meeting 
held on January 20, 1948. 
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4. The Association favors federal 
legislation in the field of stream pol. 
lution which will, to the greatest pos. 
sible extent, use existing state and Jo. 
cal authorities and facilities for the 
control of stream pollution. 

5. The Association holds that, in the 
absence of state or local action, appro- 
priate federal agencies should be em. 
powered direct pollution control 
works to be built and, if necessary, to 
provide loan funds for planning, as 
well as guidance in construction—j 
and when such works are ordered to 
be built. 

6. When no state agency is empow- 
ered to enforce the reduction of stream 
pollution within a state and such pol. 
lution can be shown to affect inter. 
state waters adversely, the Association 
agrees that a federal agency should be 
given authority to enforce correctior 
of the conditions, to the end that the 
pollution of the nation’s streams maj 
be effectively controlled. 

This resolution translates into gen- 
eral principles, covering a limited sec- 
tor of the water resources problems, the 
views which might be approximately 
applied to the broader water resources 
development for the whole country. 

The resolution recognizes strong 
joint interests, local and federal, but 
it attempts to preserve local autonomy. 
It places emphasis upon the obligation 
of the federal government to provide 
for stimulation, planning and _ integra: 
tion. Some of the points emphasized 
apply equally well in the area of gen- 
eral resource development. 

Since many of the enterprises, how- 
ever, are of such iarge size and involve 
such great expenditures, special ham- 
dling of the fiscal problems is required 
These frequently transcend the poss 
bilities of local financing. 


to 


July 


T 
is ft 
attit 
the 
U.S 
ager 
serv 
sup] 
unde 
its 
shor 
wou 
wate 
the « 
are 
thou 
the | 
with 
publ 
tled 
and 


= 
¢ 
| 1. 
| 
1 
2. 
1€ 1 
] 
4, | 
6, | 
1 
8. 
9. | 
d 
10. J 
| 


July 1948 


The point of view of the Association 
is further exemplified in its expressed 
attitude on the necessity of continuing 
the activities of the long established 
U.S. Geological Survey. This federal 
agency has rendered such invaluable 
service to communities of the nation in 
supplying factual data on surface and 
underground waters that reduction of 
its activities, as proposed by certain 
shortsighted individuals and groups, 
would be a real calamity to further 
water development. Efforts toward 
the curtailment of such necessary work 
are resisted by the Association, even 
though they may be masked under 
the blanket accusation of “interference 
with private enterprise.” 

The real issues of private versus 
public enterprise still remain to be bat- 
tled out, but they, too, are not black 
and white. The committee has no 
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hesitancy, however, in reminding the 
members of the Association that the 
history of public and private water 
supply development in this country 
provides many lessons, not the least 
of which is that there is room for both 
types of supply and that generalization, 
even in this comparatively limited area, 
has elements of danger. 


Possible Areas of Agreement 

|Points 1-10 of this section have been 
accepted by the Board of Directors as an 
official statement of Association policy.— 
Ed.] 

Despite these ingredients of conflict, 
however, some general agreement now 
appears to be at hand on the major 
elements of a national water policy, al- 
though differences of opinion on imple- 
mentation are likely to continue. Such 
a policy would: 


l. 


Provide that first priority for water resources development be afforded to 
beneficial consumptive use, present or future, of waters for domestic and 
municipal purposes 

Provide for the preparation of plans for the unified regulation and develop- 
ment of the river systems of the country upon sound engineering and eco- 
nomic principles 

Provide for definite and effective programs for the construction of the proj- 
ects included in such plans, the programs to be prosecuted as found desirable 
by Congress to meet current necessities 

Provide that, when such programs may be flexibly deferred, they be made 
adjustable to the exigencies of unemployment relief in periods of business 
depression, and of defense in times of danger 


. Take proper account of economic, special and existing benefits in consider- 


ing specific projects 

Limit federal contributions toward projects to amounts warranted by all the 
national interests involved 

Provide, in so far as practicable, for an equitable distribution of project costs 


. Assist in the settlement of controversies among states over interstate waters 


Provide for systematic and effective cooperation among federal agencies— 
and between these and agencies or individuals in the several states—in for- 
mulating water plans and programs 

Eliminate inconsistencies and conflicts in existing laws and regulations re- 
lating to the control or utilization of water resources. 
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If the elements of such a policy were 
developed on a federal level and ma- 
chinery to implement it were provided, 
it would necessarily. bring into fune- 
tion concurrently some kind of regional 
group with strong state representation. 
The exact nature and composition of 
these regional groups and their rela- 
tionship to a newly created federal 
agency are not clearly delineated as yet. 
Such a regional group, however, will 
be of great significance, primarily be- 
cause it would serve to furnish that lo- 
cal participation in federal, state and 
interstate decisions which, it is almost 
unanimously agreed, is a prerequisite 
for the future economical and logical 


development of the nation’s re- 
sources. 
a The actual construction and admin- 


a _ istration of large works, so often on 
interstate streams, might be channeled 
to such regional organizations, to ex- 
isting federal agencies, to individual 
states or subdivisions thereof, or to 
_ combinations of one or more of these. 
It is conceivable also that the “author- 
ity” type of operation, in whatever 
-modified forms, would provide legal, 


contractors. 
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administrative and_ fiscal 
quite adaptable to regional necessities. 
At least it must be objectively weighed 
for such tasks in comparison with other 
available structures. 

Resistance to any of the existing de- 
vices appears to rest primarily upon 
criticism of apparent or actual abuses 
in major detail. The heat generated 
in such criticism sometimes blinds both 
the advocates and the opponents to 
the residual assets of importance in the 
governmental structures themselves, 
whether local, state or regional. 
all human enterprises, the future of 
the water resources field is likely to 
show the value of compromise. 


machinery 
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An Official Statement of A.W.W.A. Policy 


The official statement below is based on information developed by the 
Association’s General Policy Committee 
sentatives of the U.S. Geological Survey and a group of well drilling 
These conclusions, derived from the discussions by the 


in conference with repre- 


committee, were submitted to the Board of Directors at the Atlantic 
City Conference meeting and were approved by the Board as a formal 
policy statement of the Association. ht 
® 


4 The American Water Works Association, speaking through its Board of Di- 

rectors, holds the opinion that the body of information concerning the location 
and capacity of the nation’s water resources is, at the present time, not ade- 
quate ; and further holds the opinion that this information should be increased 
as fully and promptly as possible. . 
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2. The Association approves the broad program of the collection of information 
concerning water resources implied in the basic act and subsequent authoriza- 
tions by the Congress under which the U.S. Geological Survey operates. 


3. The Association considers that the cooperative studies of ground water re- 
sources made by the U.S.G.S. and the various states are proper and of value 
to the public. 


4, The Association further holds the opinion that cooperative agreements for the 
collection of water resources data between the U.S.G.S. and political subdivi- 
sions within states are in the public interest—provided that state water re- 
sources agencies in such instances either do not exist or are unable to provide 


the cooperative service required. 


5. The Association holds the opinion that neither the U.S.G.S. nor the state 
agencies with which it cooperates should own or operate test well drilling 
equipment or equipment suitable for drilling water wells for later use. On 
the contrary, the Association holds the opinion that test well drilling should 
he done by competent private industry under contractual arrangements made 
hy the driller with the U.S.G.S. or the state or local public ageticy concerned. 
In outlining these opinions in broad principle, the Association grants that 
when test well drilling needs to be done—and no private contractor is willing 
or able to do the work—the public agency may properly do it in order that 
the public interest be served effectively. 


6. The Association, in holding these opinions, stands upon the underlying prin- 
ciple that the extension of federal or state activities into areas of action where 
private industry is competently prepared to serve the public need is undesir- 


able and not in keeping with the nation’s basic economic background. 


7. The Association holds that it is the responsibility of the states, cities and pri- 
vate well owners and drillers to file with state agencies, as well as with the 
U.S.G.S., all well log data and production records which they possess, to the 
end that the nation’s stock of information concerning water resources be as 
complete and as well documented as it is possible to make it. 
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_ The A.W.W.A. Board of Directors on May 7, 1948, referred to the 


; Executive Committee for action certain representations concerning 
pending legislation in Congress which had to do with issues relating 
at to the allocation of water from the Colorado River. The Executive 


The American Water Works Association, an organization whose members are 
engaged in providing public water supply services in the Americas, is aware of 
the steadily increasing demand upon the water resources of the United States, 
The members of the Association hold the opinion that, lacking intelligent con- 


trol at the highest levels of government, the future needs of all of the people for 
water cannot be met. 


To Wuom Ir May Concern: 


The Executive Committee of the Association’s Board of Directors has had 
brought to its attention some of the issues relating to the allocation of the water 
flowing in the Colorado River. It is profoundly convinced that decisions con- 
cerning further development and uses of Colorado River water should be based 
upon the highest engineering, economic and social considerations, to the end 
that the people of the nation as a whole be served justly. 


The Executive Committee further holds the opinion that the national interest 
requires firm and just decisions upon the matter and that these decisions should 
be reached with all promptness consistent with adequate engineering and eco- 
nomic review and understanding of the problem involved. 


The Executive Committee therefore asserts, with full recognition of its responsi- 
bilities, the firm opinion that sound and just decisions concerning future devel- 
opments of the Colorado River are vitally needed, and that any action which can 
he taken to reach such decisions should be given whatever impetus Congressional 
action will provide. 

JorDAN 
Secretary 


Unanimously Approved June 4, 1948. 
American Water Works Association 


Executive Committee i 

IL. H. ENstow 

W. W. Brusu M. G. MANsFretp 
R. Howson’ W. J. arp 
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Cathodic Protection of Steel Water Tanks _ 
By Peter E. Pallo 


A paper presented on May 5, 1948, at the Annual Conference, Atlantic 
City, N.J., by Peter E. Pallo, Asst. San. Engr., Hackensack Water 7 
Co., New Milford, NJ. — 
LTHOUGH cathodic protection as yet been able to find little informa-_ 
A has become generally recognized — tion and less electrical theory to sub- _ 
in the water works industry as a_ stantiate the claims of the manufac- | 
method for protecting the submerged turer” (1). 
steel surfaces of water storage tanks Numerous conflicting reports of the 
against corrosion, there still exists protection secured with the electrode- 
much skepticism and confusion regard- less circuit; the confused impression 
ing the efficacy of this method. that cathodic protection employing sac- 
A survey of existing installations — rificial anodes increases the i a 
shows that the water works operator oxygen content of the stored water; 
has accepted two types of electrical and the recent introduction of the gal- 
devices for mitigating corrosion in vanic magnesium anode as a method 
steel tanks. One comprises the con- of corrosion prevention instigated the 
ventional cathodic protection installa- experimental studies presented in this 
tion, in which a direct current from an _ paper. 
external source—impressed on either ah 
a suspended sacrificial or a nonsacri- Scope and Method aa 
ficial anode—flows through the cor- The investigation was designed to 
roding medium (water) and becomes determine the degree of protection ob- 
superimposed upon the wall of the tained in bare steel tanks provided 
tank, where it stifles the flow of cur- with (1) an aluminum anode with 
rent accompanying the electrochemical an applied external potential, (2) a 
corrosion process. The other type, galvanic magnesium anode and (3) 
also referred to as cathodic protection, the electrodeless circuit with an ap- 
requires no suspended anodes. In _ plied external potential. A fourth 
their stead, a system of electrical re- tank, used as a control, was afforded 
sistances is attached to the outside wall no protection. ically 
of the water storage tank, and a di- In order to ascertain the effect of me 
rect current applied from an external cathodic protection on the dissolved . 
source flows through the resistances oxygen content in the stored water, 
into the wall of the tank. In its prog- a stoneware crock was employed as 
ress report of 1946, the New England blank or control. . 
Water Works Assn. Committee on The study was conducted as rigidly 
Cathodic Protection of Steel Tanks and practically as possible. The in- 
and Standpipes succinctly observes terior walls of the experimental steel 
that this electrodeless installation is tanks were sandblasted clean, thereby 4 
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Fic. 1. Diagram of Experimental Tank Installation ical 

exposed metal. By draining and fill- _ tivity was further enhanced during the | 

ing the experimental units daily, the 24-hour detention period by the i ies 

bare steel walls were subjected to the crease in temperature of the stored wa- ; 

action of influent waters high in dis- ter from the seasonally low influen' 

ance 

solved oxygen content. Corrosive ac- temperature to room temperature, | 

cent 


=> ‘Tubing 


Corrosion was measured in terms of 
actual weight loss of metal as well as 
by its recognized outward manifesta- 
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tions. 

The experimental apparatus was in- 
stalled at the purification plant of the 
Hackensack Water Co. at New Mil- 
ford, N.J. The water used for the 
investigation was furnished from this 
purified, moderately aggr sur- 


ELECTRODELESS 
‘PRESSED 
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hive Raw 


Installation 


Four 18-in. lengths of 10-in. diame- 
ter steel pipe were cut from a single 
length of pipe purchased in the open 
market. These lengths were sand- 
blasted clean both inside and out, then 
painted on the outside with two coats 
of aluminum for protection against 
atmospheric corrosion. After being 
carefully weighed to the nearest ounce, 


Fic. 2. Complete Experimental Tank Installation 


face supply, and was taken as it came, 
with all seasonal variations in tempera- 
ture, dissolved oxygen and both chem- 
ical and mineral content. An average 
analysis of the experimental tank in- 
fluent water for the duration of the in- 
vestigation is shown in Table 1. This 
water had an average specific resist- 
ance, at 20°C., of 4,340 ohms per cubic 


centimeter. 


the tanks were set in an ebonite base 
and sealed in with Dupont PX putty. 
A stoneware crock, 20 in. deep and 
10} in. in diameter, completed the 
tank installation. Each of the five 
units was provided with a common 
drain and influent connection, as well 
as a sampling tube which extended half 
way up into the tank at a distance of 
half the radius from the tank wall, 
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All connections other than the influent- 
drain valve were of nonmetallic mate- 
rial, hard rubber tubing and rubber 
hose being used. The installation de- 
tails of one of the steel experimental 
tanks (aluminum anode) is shown in 
Fig. 1. 
Protection Applied 

Tank No. 1 was equipped with a 
Dow Chemical Co. magnesium anode, 
18 in. long and 0.840 in. in diameter. 
The anode, supported by a wooden 
strip attached across the top of the 
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to decrease proportionately. At the 
termination of the experiment, the cur- 
rent density was found to be 0.7 ma, 
per square foot or 1 amp. per 1,480 
square feet. 

Tank No. 2 was furnished with the 
electrodeless circuit type of installation, 
A Mallory Rectopower unit delivered 
30 ma. at 8 v. to two sets of two 1,000- 
ohm wire-wound resistors in parallel, 
which were connected opposite to each 
other on the exterior tank wall, mid- 
way down the side of the tank. The 
two negative or return lines to the 


16 
14 
IN 
/ Electrodeless Circui 
10 fk Va AV trodeless Circuit 
6 
/\ LINN. 
/ \e Magnesium Anode 
Aluminum Anode 
30 5 10 15 20 25 5 1015 20 2530 5 1015 20 2530 5 1015 20 25 5 10 15 20 25 
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Fic. 3 


tank, was centered along the axis of 
the tank and terminated 1 in. above the 
bottom of the ebonite base. The anode 
and tank wall were electrically con- 
nected through a double-throw switch 
to facilitate milliammeter readings and 
to exclude ammeter resistance from the 
electrical circuit. 

The current density at the start of 
the investigation was calculated to be 
4.2 ma. per square foot or 1 amp. per 
240 square feet of metal surface. As 
the formation of a protective wall coat- 
ing progressed, the current was found 
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. Iron Pickup in Tank Effluent iJ 


rectifier were connected to the exterior 
tank wall at a 90-deg. angle to the re- 
sistor connections, one at the top and 
the other at the bottom of the tank, 
The current applied to the tank shell 
was calculated to be 8.1 ma. per square 
foot or 1 amp. per 125 square feet of 
metal surface. 

Tank No. 3, employed as the con- 
trol, was afforded no protection and 
was allowed to corrode freely. 

Tank No. 4 (Fig. 1) was supplied 
with an Alcoa 17ST4 aluminum anode, 
18 in. long and 0.50 in. in diameter, 
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TABLE 1 


x Influent Water Analysis 


Item Quantity 
ppm. 


pH 7.3 
Color 8 
Turbidity 0 
Free CO, 


Alkalinity* (CaCOs) 


Total iron 0.03 
Total solids 150 
Magnesium 5.5 
Calcium 27.9 
Sulfates 36.0 
Chlorides 10.3 
Silica 6.3 
Dissolved oxygen 


* Methy! orange. 
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months of the investigation. Muilli- 
ammeter and voltmeter readings were 
taken before draining and after refill- 
ing. Samples of the influent and efflu- 
ent waters of the four tanks were col- 
lected for analysis on an average of 
three times weekly. The determina- 
tions made on each of the five samples 
collected included temperature, pH, 
turbidity, color, alkalinity, dissolved 
oxygen and total iron pickup. For the 
stoneware crock, the temperature and 
dissolved oxygen content of both the 
influent and effluent waters were the 
only determinations made. 

After every draining operation, the 
bottom of each tank was flushed free 


TABLE 2 


Tron Pickup in Effluent 


Iron Pickup—ppm. 
Tank No. ) Type of Protection — 
Maximum | Minimum Average 
1 Magnesium anode (galvanic) 5.97 0 0.46 
2 Electrodeless circuit 14.87 3.65 8.14 
3 Control 13.27 3.60 7.10 
4 Aluminum anode (impressed current) 0.11 | 0 0.02 


supported, centered and terminated 
from the ebonite base as in the mag- 
nesium anode installation. The cur- 
rent was obtained from a Mallory Rec- 
topower unit, delivering 20 ma. at 8 v. 
The positive lead of the rectifier was 
securely fastened to the aluminum an- 
ode, and the return or negative lead 
was made iast at the bottom of the ex- 
terior tank wall. The current density 
applied to the tank shell was calculated 
to be 5.4 ma. per square foot or 1 amp. 
per 185 square feet of metal surface. 

Figure 2 shows the actual, complete 
experimental installation. 


Procedure 
The tanks were operated on a daily 
fill-and-draw cycle during the 54 


of settled deposits before refilling, care 
being exercised not to disturb any coat- 
ing or deposit on the tank walls. 

Upon completion of the experimen- 
tal studies, the steel tanks were re- 
moved from the system and were 
cleaned and weighed to the nearest 
ounce to determine the total loss of 
iron, 


Results 


In presenting the results of the ex- 
perimental work, it must be pointed 
out that, because of the selected loca- 
tion of the sampling tubes, the analyses 
of the tank effluent samples represent 
an average condition existing in the 
tank at the time when the sampling 
was made. 
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Tron Picku we « only incidental minor increases there. 
Determinations of the amount of iter. These results also indicate ef. 


iron pickup (Fig. 3), indicating the 
rate of active corrosion, show that the 
maximum iron concentrations were 
found in the effluents of both the elec- 
trodeless circuit and the control tanks, 
the former exhibiting generally higher 
iron values. It is apparent that both 
tanks conformed to the behavior that 
may be expected of freely corroding 
surfaces. 


ANODE 


MAGNESIUM 
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ric. 4. Interior of Lank No. 1 


The high iron concentrations ob- 
served in the effluent of the tank pro- 
tected by galvanic magnesium implied 
that an aggressive corrosion attack oc- 
curred during the first four weeks of 
the investigation. Following this pe- 


riod adequate protection was dem- 
onstrated by the occasional slight 


increases in the iron pickup concen- 
trations which well within the 
range of experimental error. 

The effluent of the tank provided 
with the aluminum anode (impressed 
current) showed a slight iron pickup 
during the first week of service and 


were 


fective corrosion prevention. 

The maximum, minimum and ayer. 
age iron pickup values for the dura. 
tion of the investigation are given jp 
Table 2. 


Loss in Weight of Metal an 3 


The loss in weight of metal from the 
four tanks was found to conform te 
the order in which the _ highe 
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lic. 5. Interior of Tank No. 2 

concentrations were observed in the é- 
fluents of the experimental tanks ; tha 
is, the greater the iron concentratia 
increase in the effluent, the greater the 
loss in weight of metal. These losses 


are shown in Table 3. ie 

Surface Conditions 
The corrosion product adhering t 
the walls of both the electrodeless cir 
cuit tank and the control was found 
be a granular, loosely adherent. iro 
oxide which is low in resistance to th 
diffusion of oxygen (2). The corr 
sion assumed a distinct vertical patte 
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attributed to the method of manufac- 
ture of the pipe. The only difference 
observed on the walls of the two tanks 
was a marked pitted appearance in the 
electrodeless circuit tank which was 
not evident in the control. This pit- 
ting was not characteristic of the cus- 
tomary cavity found under tubercles, 
but rather gave the impression that a 
bursting action had occurred at numer- 
ous points in the oxide coating. 
Figures 4 and 5 show the condition 
f the tank walls prior to the final 


Fic. 6. Interior of Tank No. 3) | a. 7. Interior of Tank No. 4 “a 


cleaning operation. The corrosion 
products were easily removed from 
both tanks and, as was to be expected, 
the cleaned surfaces exhibited a con- 
spicuously grooved appearance. 

In passing, it is of interest to men- 
tion that the bursting action previously 


described was also noted on the walls 
fof a 125,000-gal. elevated wash water 


storage tank. This structure, located 
at the New Milford Plant of the Hack- 
ensack Water Co., was equipped with 
the electrodeless circuit (in the form of 
the Rusta Restor Element Anode). 


-' 
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The current density applied was 1 amp. 
per 3,000 square feet. A report made 
on the tank interior referred to the 
“pock-marked appearance of the red- 
lead covering, suggestive of perforated 
paint blisters” (3). Thirty-one months 
of observation and field experimenta- 
tion within the tank led to the conclu- 
sion that the Element Anode afforded 
no protection against corrosion. 

The wall of the tank protected with 
the galvanic magnesium anode (Fig. 
6) was covered with a fine, buff- 


colored, tightly adherent deposit. A 
qualitative spectrographic analysis of a 
sample of this coating showed that it 
contained magnesium, calcium, sodium, 
aluminum, silica, iron and slight traces 
of copper and manganese. Vertical 
rust streaks formed during the first 
month, in which active corrosion oc- 
curred, were found to be effectively 
sealed and no appreciable attack was 
noticed on the wall of the tank af- 
ter cleaning. The investigation also 
showed that the magnesium anode ex- 
erted a chemical conditioning effect on 
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the stored water to render it less ag- 
gressive, as evidenced by a substantial 
increase in the pH and alkalinity of 
the tank effluent. These results with 
cold water conform to those reported 
in actual practice when the galvanic 
magnesium anode is used to control 
the corrosion of hot water storage 
tanks (4). Although the galvanic 
magnesium anode has inherent limita- 
tions, it has been demonstrated that 
it can be successfully used for inhibit- 


ing corrosion. Field experimental ap- 


400 
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explains the formation of the heavy 
white deposits as resulting from the 
application of a current in excess of 
the minimum protective current den- 
sity required. 

A qualitative spectrographic analysis 
of a sample of the wall coating showed 
it to contain calcium, magnesium, so- 
dium, aluminum, silica, iron and a 
trace of manganese. After the removal 
of the coating, the tank wall presented 
the appearance of a_ well-preserved, 
clean gray steel. 
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plications have been installed in the 
risers of elevated water storage tanks 
(5) and in deep well turbine pumps 
(0). 

The tank protected with the alumi- 
num anode (impressed current) dis- 
played a slight tendency to corrode 
during the first week of the investiga- 
tion. Within the third week a recog- 
nizable whitish gray film began to form 
on the tank wall. The points of initial 
corrosion attack became coated with 
increasingly heavier white deposits as 
the investigation proceeded. This is 
clearly shown in Fig. 7 


Sudrabin (7) 
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Oxygen Depletion 


Greater dissolved oxygen depletion 
values (Fig. 8) were found in the ef- 
fluents of the two tanks—No. 2 and 3 
—which were shown to be corroding 
freely. Maximum, minimum and ayv- 
erage dissolved oxygen depletion val- 
ues are shown in Table 4. 

The natural loss of dissolved oxygen 
observed in the effluent of the stone- 
ware crock (Fig. 8) was less than that 
found in the effluents of the cathodi- 
cally protected tanks. These results 
emphasize the fact that the dissolved 
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Loss in Weight of Metal 
Type of Weight Loss 


Protection oz. per cent 

1 Mg anode | 5 0.67 
2 Electrodeless 17 2.27 
3 Control 15 1.99 
4 Al anode 3 0.40 
oxygen content of the water is not 
increased when sacrificial anodes of 


the galvanic type such as magnesium 
or aluminum with an applied external 
potential are used. It is important to 
note that the dissolved oxygen satura- 
tion values, shown in Fig. 9, were 
higher for the stoneware crock than for 


TABLE 4 
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TABLE3 Gonelusions 


‘The results secured during this jn- 


vestigation demonstrate cathodic pro- 
tection to be a practical method of 
protecting the submerged steel surfaces 
of water storage tanks. 

1. The use of a properly installed 
sacrificial aluminum anode _ provided 
with an external potential was found 
to prevent adequately the corrosion of 
a bare steel surface. 

2. The use of a properly installed 
sacrificial galvanic magnesium anode 
was found to inhibit the corrosion of 
a bare steel surface despite an initial 
aggressive attack. 


Dissolved Oxygen Depletion 


Dissolved Oxygen Drop—ppm. 


lank No. of Protection 4- - 
Maximum Minimum Average 

1 Mg anode | 5.4 1.7 3.0 

7 2 Electrodeless — 10.5 4.5 72 

3 Control 9.7 4.6 7.0 

4 Al anode ei 5.0 2.3 3.2 
the steel tanks. Were it not for this 3. The electrodeless circuit, fre- 


fact, erroneous deductions about  in- 
creased dissolved oxygen concentra- 
tions could easily be made. 
Color and Turbidity Increase 
The water works operator readily 
understands and appreciates only too 
well the outward manifestations of 
corrosion, such as the increase in color 
and turbidity (see Fig. 10 and 11). 
The increase noted in the color and 
turbidity of the effluent from the tank 
protected with the aluminum anode 
(impressed current) was of small 
magnitude compared to the freely cor- 
roding tanks and is attributed to the 
coagulating effect caused by the dis- 
solution of the aluminum anode (8). 


quently referred to as cathodic protec- 
tion, showed no protection against cor- 
rosion. This conclusion is in agreement 
with that reached after 31 months of 
actual field investigation. 

4. The dissolved oxygen concentra- 
tions in the stored water were not 
found to increase when sacrificial an- 
odes, either of the galvanic type, such 
as magnesium, or aluminum with an 
applied external potential, were used. 
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Erratum 


The outbreak of gastro-enteritis which was listed in “Analysis of 
Water-borne Outbreaks” by Rolf Eliassen and Robert H. Cummings 
(May 1948 Journat, Vol. 40, p. 521) as having occurred in Seattle 
in 1943, actually took place beyond the limits of that city, nor was the 
municipal water system involved in any way. 


in- 
TO- 
of 
Ces i 
led 
ded 
ind 
of 
led 
ode 
of 
tial 
fre- 
cor- 
nent 
s of 


: Wichita, Kan., by Albert P. Learned, Asst. Engr., Black and Veatch, 
Cons. Engrs., Kansas City, Mo. 


HE present operating costs of wa- 

ter utilities are the highest ever 
experienced in this country, with the 
result that the spread between water 
revenues and operating expenses is 
becoming increasingly narrow. Where 
fixed charges have exceeded this 
spread, it has been necessary to raise 
the rates or subsidize the municipally 
owned plants by funds from other 
sources. 

Management does not initiate rate 
increases except as a last resort, and 
if the utility can weather a temporary 
shortage of current revenue by the use 
of an accumulated reserve, the tend- 
ency is to avoid an increase in rates. 
If present conditions persist, however, 
or a substantial portion of the rise in 
costs remains in effect, increases in 
water rates will be imperative for many 
utilities. This paper will outline briefly 
the conditions that influence rates and 
will attempt to indicate future trends. 


Labor and Material Costs 


The two major elements affecting 
prices at the present time are materials 
and labor. Both of these factors are 
reflected in construction, operation and 
maintenance costs. Table 1 shows the 
cost of labor, materials and equipment 
in various years from 1913 to 1948, 
expressed as a percentage of the late 
1947 or early 1948 costs. The labor 
figures are based on union rates in a 
large middle-western city but indicate 
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A paper presented on March 11, 1948, at the Kansas Section Meeting, 


ats 


the approximate relationship of both 
union and nonunion labor during the 
period. 

Table 2 gives the percentage in- 
crease in material prices between 1939 
and 1948. 

The history of prices from 1913 to 
1948 shows clearly that the general 
trend has been upward; even in 1932, 
at the lowest ebb of the depression, 
certain costs were equal to or greater 
than those in 1921, the previous high- 
point. The indications are that prices 
will neither decline to prewar levels 
nor remain at present peaks. After 
the current demand has eased off so 
that the buyer has an opportunity to 
make a selection and the seller is re- 
quired to meet competition, it is prob- 
able that prices may decline from 10 
to 20 per cent, with a resulting price 
level 40-60 per cent higher than be- 
fore the war. 


Capital Charges 

The necessity for an increase in rates 
will vary with different companies. A 
static company, for instance, will not 
need an additional return, while one 
that has had to invest a considerable 
amount of new capital in the high-price 
period will feel the effect of added 
fixed costs, including both interest on 
debt and added depreciation charges 
A growing company which has been 
using its depreciation reserve for ex- 
tension capital will find it has insuff- 
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cient funds for this purpose if its pro- 
gram continues at the same rate of 
increase in units of physical property, 
because the such units has 
materially increased. 

Many municipal corporations do not 
attempt to collect interest on their 
property, and, unfortunately, some util- 
ities do not try to include depreciation 
their rate structure. 
None of these utilities, however, can 
escape the costs of new construction if 
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of the present property by the time the 
debt is retired. If it is necessary that 
the depreciation rate be increased to 
keep the water utility intact, and at 
the same time provide for normal ex- 
tensions which comprise a small per- 
centage of the total plant, the purpose 
of the increase should be properly 
identified. Current financing of nor- 
mal extensions ordinarily produces a 
lower over-all cost than the use of 


Labor and Material Costs, 1913-48 


Cost (1947-48 = 100) 
: 1913-15 1921 1932 1939 1945 
Labor 
Carpenter 27 67 55 68 83 
Electrical Worker 35 58 70 79 86 
Common Labor 27 48 55 68 80 
Plumber 35 44 64 79 86 
Steamfitter 35 44 64 79 86 
Materials and Equipment 
Boilers 25 53 49 76 82 me 
Cast-Iron Pipe 27 67 38 54 56 me 
Copper 75 59 26 51 55 4 
Hydrants and Valves 63 7 
Motors 47 94 62 69 69 
Pumps | 32 56 59 70 77 
Lead 29 31 21 33 
Piping _ 7 36 68 67 72 80 
Steel Pipe (small, black) 40 73 77 69 69 
Steel Pipe (small, galvanized) 40 72 75 64 69 
E. N.-R. Index* 21 46 36 54 71 


* Engineering News-Record Construction Cost Index. 


they are adding extensions. A utility 
that has made a practice of spending a 
relatively uniform amount each year for 
extensions is finding that this sum has 
been producing a smaller number of 
property units in recent years. 

It has been suggested that deprecia- 
tion rates be increased to provide such 
funds, but this introduces the question 
of why an increase in depreciation re- 
serve rates is needed when the current 
rate is sufficient to provide for the cost 


: 


The original cost of a utility actually 
is the sum of its reproduction cost 
through the years, or its historical re- 
production cost. The addition of cur- 
rent extensions will not add materially 
to this measure of a rate base unless 
the additions comprise a substantial 
part of the entire plant. Consequently, 
a rate based on original cost is a grad- 
ually changing structure and only 
slowly reflects the increased cost of 
construction. 
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The ratepayer ordinarily objects to 
providing, through payments to de- 
preciation reserves, any amount more 
than enough to cover the cost of the 
present unit upon retirement.  Al- 
though unwilling to contribute to the 
reserve needed to meet added capital 
expenditures for replacement, the rate 
payer cannot object to providing ade- 
quate funds for a higher-priced unit of 
property when that unit becomes a 
part of the plant serving him. “a 7 


Operating Expenditures 
Increased capital costs have usually 

not been the principal factor in rate 

increases. The immediate causes have 
TABLE 2 

Increase in Material Prices Between 


aus. 1939 and 1948 


Item Increase 
per cent 
Cast-Iron Pipe 87 
Steel Pipe 
Black 44 
Galvanized 57 
Copper 100 
Lead 200 
Hydrants and Valves “60 


been primarily the enlarged operating 
and maintenance expenses. 

study of three properties, 
groups of properties, in different sec- 
tions of the United States showed that 
the operating ratio (expenses ex- 
pressed as a percentage of total rev- 
enue) has increased approximately 10 


or 


per cent between 1939 and 1946; 
namely, from 50 to 55 per cent. In 
this same period, maintenance has 


risen from 4.3 to 5.7 per cent of op- 
erating expense—an increase of 33 per 
cent—while depreciation has increased 
from 7.5 to 8 per cent of the operating 
expense. The gross income was ap- 
proximately 10 to 12.5 per cent of the 
property and plant in 1946. Income 
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taxes on these properties have doubled 
in amount since 1939, but other taxes 
have shown little change. 

Many water utilities have been saved 
a great deal of the increased pumping 
costs because of a very good electric 
pumping rate, which has not reflected 
all the added expense the water utility 
would have undergone if it had been 
producing its own energy. Freight 
rates, however, have increased approxi- 
mately 40 per cent since 1939 and 
these certainly enter into the water 
utility's cost considerations. 


Conclusion 


The foregoing facts concerning op- 
erating expenses and material costs 
can lead to but one general conclusion: 
the future trend of water rates is 
upward. 

The 
hope for loads 


industry cannot 
may reduce the 
effect of rising The increased 
load on a water works system is usu- 
ally a peak load, such as for sprinkling 
or air conditioning, which is super- 
imposed on the normal peak load or 
occurs at a time when either water is 
scarce or added investment is required 
to supply the seasonal demands. It is 
imperative that rate increases be equit- 
able in their application, and that sea- 
sonal loads bear their fair share of 
the costs. 

In conclusion, attention is directed 
once more to Table 1, which shows the 
extent of the rise in prices since 1913. 
Many water utilities maintain rates 
that are practically the same as in 1913, 
or in periods prior to 1932. It takes 
no stretch of the imagination, there- 
fore, to suggest a change in the rate 
structure. The signs all indicate that 
an upward revision of 10-35 per cent 
in water rates is warranted. 
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A paper presented on May 5 


: City, N.J., by W. W. Due cker, Texas Gulf Sulphur Co., New York 
City; James W. Estep and.M. Glenn Mayberry, Fellows, Mellon Inst. : 
> of Industrial Research, Pittsburgh, Pa.; and J. W. Schwab, Texas q 
2 Gulf Sulphur Co., Newgulf, Tex. 
'RING the past fifteen years con- Few published data, however, are : 


D siderable information has been 
collected on the properties and uses of 
sulfur cements. It has been demon- 
strated that the quality of sulfur ce- 
ments—that is, their tensile and crush- 
ing strength—is determined in part by 
the proportion of sulfur and the kind 
and grading of aggregate used in their 
manufacture (1). It has been shown 
that the plasticity and the resistance of 
sulfur cements to thermal shock can be 
modified by adding a plasticizer (1). 
Provisional methods for testing sulfur 
cements have been proposed (2) so 
that users can carefully appraise these 
products. The resistance of such ce- 
ments to acids, alkalies, oils and the 
like has been determined, to guide 
users of these jointing compounds (3). 
And, more recently, West (4) has pub- 
lished a detailed review of the litera- 
ture describing the effect of sulfur on 
various metals that enables users to 
tell where and where not to use sulfur 
jointing materials. It is thus evident 
that there exists a substantial body of 
basic literature on these compounds 
which should be of aid in their intelli- 
gent production, testing and applica- 
tion. 


Studies ot Properties af Sulfur J ointing 
Compounds ee 


By W. W. Duecker, James W. Estep, M. Glenn Mayberry 
and J. W. Schwab 


, 1948, at the Annual Conference, Atlantic 
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available about the life of sulfur ce- 
ments employed as jointing materials 
for cast-iron  bell-and-spigot water 
mains. Large quantities of these ce- 


ments are used for this purpose, how- 
ever, and it has been reported by 
Beckwith and Bovard (5) that ce- 


ments so used are subject to attack 
and deterioration by sulfur bacteria. 
It was therefore decided to obtain data 
on the life of such cements and, if they 
were, found to be subject to bacterial 
action, to determine whether that ef- 
fect could be controlled. 


Preparation of Specimens 


A series of sulfur cements contain- 
ing various bactericides was prepared 
and cast in the form of figure-eight 
briquets according to the procedure 
outlined by McKinney (2). The ce- 
ments, whose composition is given in 
Table 1, contained approximately 55 
per cent by weight of sulfur and 45 
per cent of the graded silica aggregate 
described in Table 2. Prior to adding 
the aggregate, various bactericides in 
the proportion of 0.1 and 1.0 per cent, 
based on the weight of the sulfur, were 
uniformly dispersed in the sulfur at 
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130°-140°C. Most of the liquid bac- 
tericides dissolved in the sulfur. The 
solid compounds were ground to 250- 
mesh fineness before dispersion. The 
weight and density of the cements were 
determined by methods described by 
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Original Appearance of Briquets (Group 1) 


TABLE 1 


Composition of Sulfur Cements 
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McKinney (2). Each briquet was 
banded with a thin strip of lead carry- 
ing an identifying number. From 76 
to 115 briquets of each of the various 
cements were prepared. Twelve of 
each kind were kept in the laboratory; 


1.0% 


Sulfur Aggregate Bactericide* 
Type of 
Bactericide 
per cent 

380 Arsenous oxide ‘ 55.47 44.48 0.1 
387 Arsenous oxide 7 60.8 38.6 1.0 

0 Control => 55.0 45.0 
03 Copper sulfate ae 54.9 44.9 0.1 
30 Copper sulfate 54.3 44.4 1.0 
73 Cresol-c - 54.9 45.0 0.1 
37 Cresol-c 54.7 44.8 1.0 
78 o-cyclohexylphenol 54.9 45.0 0.1 
87 @-cyclohexylphenol- 54.7 44.8 1.0 
38 o-hydroxydiphenyl 54.9 45.0 0.1 
83 o-hydroxydipheny] 54.7 44.8 1.0 
8 Lead sulfide 54.9 45.0 0.1 
08 Lead sulfide 54.7 44.8 1.0 
77 Mercurie oxide 54.9 45.0 0.1 
7 Mercuric oxide 54.7 44.8 1.0 
88 Naphthalene 54.95 45.0 0.1 
308 Naphthalene 54.7 44.8 1.0 
370 8-naphthol 54.9 45.0 0.1 
378 8-naphthol 54.7 44.8 1.0 
00 Thiokol - 70.26 19.94 9.8 
33 Selenium 54.9 45.0 0.1 
3 Selenium 54.7 44.8 1.0 
07 Xylenol 54.9 45.0 0.1 
70 Xylenol 54.7 44.8 1.0 


*Based on weight of sulfur. 
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Arsenous Copper Cresol-c 
Oxide Sulfate 
1.0% 0.1% 0.1% 
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COMPOUNDS 


o-cyclohexyl- 
phenol 
1.0% 01% 


o-cyclohexyl- 


o-hydroxy- 
phenol 


diphenyl 
0.1% 


o-hydroxy- Lead 
diphenyl Sulfide 
1.0% 1.0% 


Mercuric YMercuric \Naphthalene 
Oxide Oxide 
0.1% 1.0% 0.1% 


thalene 8-naphthol Thiokol Selenium Xylene Control 
1.0% 0.1% 9.8% 0.1% 0.1 
Fic. 2. Original Appearance of Briquets (Group 2) yaw 


one-half of the remainder was buried 
in Texas and the rest in Pittsburgh. 
Prior to burial, however, representa- 
tive samples were selected from each 
lot and their tensile strength deter- 
mined according to methods described 
by McKinney (2). The initial ap- 
pearance of these briquets is shown in 
Fig. 1 and 2. 


Test Areas 


All briquets were buried at a shal- 
low depth to insure the presence of 
ample oxygen for the growth of bac- 
teria. One set was buried behind the 
old) Mellon Institute building on 
©’Hara Street, Pittsburgh, Pa., at a 


depth of 18 in. and covered with the 
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existing clay soil. The site, which 
was at the base of a slight rise, was 
well moistened by rain and drainage 
water. It was anticipated that this site 
would duplicate many of the conditions 
found in the north temperate zone and 
that the results obtained could be ap- 
plied to what might be called normal 
conditions. 

A duplicate set of the briquets was 
buried at a depth of 6 in. on the site of 
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vat No. 19 in Newgulf, Tex. This in 
no way represents a normal site, for 
the area had formerly been used for 
storing sulfur. In the course of years, 
the moist, black soil had become 
well contaminated with sulfur-oxidiz- 
ing bacteria (6), evidently because 
optimal conditions existed for their 
growth. The soil had a pH of 3 and 
was sufficiently acid to discolor wood 
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and rust iron at a rapid rate. Extreme 
bacteriological conditions were encoun. 
tered in this site, and it is questionable 
whether similar conditions would be 
duplicated in any area where sulfur 
cements are normally used. 


Appraisal of Specimens 


At periodic intervals a number of 
briquets of each series were recovered 
from the test areas and returned to the 
laboratory. The briquets were care- 
fully washed to remove extraneous 
matter, dried with a towel and allowed 
to stand in the laboratory to come to 
equilibrium. The weight, density and 
tensile strength of each briquet were 
then determined. 


TABLE 2 
Screen Analysis of Aggregate 
Standard Screen Mesh Per Cent by 
Through On Weight 
20000 0 
20 28 1.6 
28 35 14.7 
35 48 40.0 
48 65 23.4 
65 100 11.8 
100 150 4.3 
150 200 2.8 
200 1.1 


Originally it was planned to follow 
the aging of the various briquets by 


erties, such as tensile strength, density 
and alteration in weight. It was hoped 
that it might be possible to discover a 
correlation between the loss in weight 
and the change in tensile strength. It 
was anticipated that the effect of bac- 
terial action might be expressed in 
inches of penetration per year. But 
after the first briquets had been re 
turned to the laboratory, it became ap- 
parent that no such correlation couk 
be established. The penetration per 
year could not be determined because 
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the surface of the briquet was non- 
homogeneous, consisting of fine parti- 
cles of silica imbedded in sulfur. It 
was also impossible to correlate the 
change in weight with the change in 
tensile strength. Initially the briquets 
weighed about 150 g. with a maximal 
variation of 5 g. between briquets. 
They had a tensile strength of about 
500 psi., with a variation of approxi- 
mately 10 per cent in a given series. 
After aging and exposure, however, 
the variation in a given series’ was 
greater because of the uneven effects 
of weathering and bacterial action. It 
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then became clear that it was impos- 
sible to establish an exact mathematical 
correlation. This difficulty of correlat- 
ing corrosion data and of appraising 
materials of construction has been en- 
countered by others. Speller (7) has 
described the problems in assessing 
corrosion resistance and comes to the 
conclusion that the best way of testing 
a given material is to build it into 
equipment and test it to destruction. 
Since there seem to be no standards 
for determining corrosion § resistance, 
and since it was difficult to obtain an 
exact mathematical correlation of the 
data collected, an arbitrary method of 
appraising the sulfur cements was 
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Group 1 After Five Years’ Normal Exposure 


te 


ING COMPOUNDS | 719 
adopted. The weight, density and 
strength of each of the briquets brought 
to the laboratory were carefully deter- 
mined. The average weight, density 
and strength of a given lot were then 
calculated. The briquets were next 
carefully inspected for pitting, crazing 
and spalling. A careful appraisal of 
the weight and tensile strength data, 
coupled with visual inspection of the 
various briquets, made it possible to 
place the cements in one of three 
groups: group 1, superior to the con- 
trol; group 2, equal to the control; 
and group 3, inferior to the control. 


1aphthol Seleniun Xyleno! 
1.0% 1.0% 1.0% 


Normal Aging of Cements 


All the data regarding the aging of 
the sulfur cements buried in Pittsburgh 
under what are termed normal condi- 
tions have been assembled in Tables 3 
and 4 and plotted in Fig. 3. Accord- 
ing to these data, during the five years’ 
exposure the cements show a maximal 
variation in weight ranging from + 0.6 
to — 3.6 per cent. As sulfur cements 
normally absorb about 1 per cent of 
moisture, it is believed that the change 
in weight is of little significance. 

Examination of the tensile strength 
data, however, reveals that practically 
all the cements have undergone change. 
Group 1 at the end of five years had 
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Naphthalene 8-naphthol 
1.0% 0.1% 
; Fic. 5. Group 
. lost about 10 per cent 


and group 3 had lost 95 
serious loss of weight, and 
appearance of the briquets in 


and 2 had not been seriously 


in 
strength; group 2 had lost nearly 40 
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Xylenol Control 


0.1% 


Selenium 
0.1% 


2 After Five Years’ Normal Exposure 


tensile 


per cent. 


Since none of the cements had suffered 


since the 
groups 1 
altered— 


as can be seen in Fig. 4 and 5—it may 
be assumed that the change in strength 
is not due to bacterial action but must 
be attributed to another cause. 
As previously noted, the briquets in 
Pittsburgh were buried at a depth of 
only 18 in,; hence they were subjected, 
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in the course of years, to alternate 
freezing and thawing. It may well 
be assumed that the effects of the lat- 
ter contributed to the loss of tensile 
strength. The action of weathering, 
however, as judged by the change in 
tensile strength, does not seem to be 
progressive. After dropping to a cer- 
tain value the tensile strength of the 


Normal Exposure 


1 yr. 


1 yr. 


Exposed to Sulfur Bacteria 7 
Aging of Group 3 Briquets 


briquets seems to become stabilized 
and to undergo no further change. 
This fact indicates that, even after pro- 
longed exposure to extreme conditions 
such as are not normally encountered, 
the cements still retain a fair, if not a 
major, portion of their tensile strength. 

Not all the cements lost strength at 
the same rate. Some of the briquets— 
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TABLE 3 
Change in Weight of Sulfur Cements : 
(Normal Exposure) 
Weight Change—per cent 
= 
No Bactericide Years N 
0.5 | 1 | 2 | 5 
Group 1 
380 Arsenous oxide* —0.2 | +0.3 | +0.1 38 
37 Cresol-ct anf +0.2 +0.6 +0.2 —1,2 
378 8-naphtholt +0.2 +0.4 0 —1.2 37 
3 Seleniumt +0.1 +0.3 +0.1 —1.9 
70 Xylenolt | +0.6 0 +0.5 —3.1 7 
Average | +0.2 +0.3 +0. —1.7 
Group 2 
387 Arsenous oxidet —0.6 +0.8 —0.4 —0.8 38 
0 Control we —0.1 +0.6 +0.3 —1.6 
03 Copper sulfate* i oan +0.3 +0.6 +0.8 —1.2 0 
73 Cresol-c* 75 0 +1.2 —-1.9 —2.2 7 
78 o-cyclohexylphenol* —0.3 +0.4 —0.3 —1.6 7 
87 o-cyclohexylphenolt 0 +0.1 +0.5 —0.6 8 
38 o-hydroxydiphenyl* _ +0.1 +0.6 0 —0.3 3 
83 o-hydroxydiphenyl} | +403 —1.1 8 
8 Lead sulfide* J +08 | +12 | 0 — 1.6 
08 Lead sulfidet | —3.2 0 
77 Mercuric oxide* 0 | +0.7 0 —1.8 7 
7 Mercuric oxidet | | +0.6 | —1.1 
88 Naphthalene* +03 | 0 —2.0 8 
308 Naphthalenet -08 | +0.2 +0.3 30. 
370 8-naphthol* 0 +0.6 —1.9 
33 Selenium* +0.5 +0.8 +0.6 —2.2 3 
00 Thiokolt +0.4 +0.1 —0.3 —1.5 0 
07 Xylenol* ‘ -06 +08 —1.0 —17 0 
Average | —04 +0.6 —0.1 —1.6 
Group 3 
30. Copper sulfatet —1.6 | —1.0 — 3.6 3 
* 0.1 per cent. + 1.0 per cent. t9.8 *0 


those containing | per cent of selenium 
actually gained in strength. (thers 
that contained certain organic mate- 
rials soluble in sulfur also seemed to 
lose strength more slowly than the ma- 
jority. This effect is attributed in 


part to the influence of the solubk shock 
material on the crystallizing propertieg %4™ 
of sulfur. The phenomenon has beet kol. 


described previously (1), and it wa better 
noted that “Thiokol” improved the haps : 
een 


sistance of sulfur cements to therma 


| 
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TABLE 4 . 
Loss of Tensile Strength of Sulfur Cements 
(Normal Exposure) 
Strength Loss—per cent 
No. Bactericide Years 
0.5 1 2 5 
Group 1 
Lt 380 Arsenous oxide* 0 14 23 14 
1.2 37 Cresol-ct —10 12 20 13 
1.2 378 8-naphtholf 11 21 27 23 
1.9 3 Seleniumt —28 —6 —6 0 
3. 70 Xylenolt 6 18 30 12 
ER: Average —4 12 19 12 
Group 2 
8 387 Arsenous oxidet 13 & —11 25 
1.6 0 Control —3 20 23 20 
1.2 03 Copper sulfate* 24 40 46 44 
2.2 73 Cresol-c* 24 36 36 47 
1.6 78 o-cyclohexylphenol* 10 20 24 23 
0.6 87 o-cyclohexy|lphenolt 0 24 27 33 
0.3 38 o-hydroxydipheny|* 14 34 47 47 
1.1 83 o-hydroxydiphenylt 20 33 44 43 
1.6 8 Lead sulfide* 15 38 37 36 
3.2 08 Lead sulfidet 1 23 33 36 
1.8 77 Mercuric oxide* 24 48 46 36 
1.1 7 Mercuric oxidet 16 34 42 47 
2.0 88 Naphthalene* 29 44 45 49 
3.3 308 Naphthalenet : 31 51 59 48 
1.9 370 8-naphthol* 34 41 48 49 
2? 33 Selenium* 35 38 52 45 
13 00 Thiokol 3 10 22 47 
07 Xylenol* 16 36 49 43 
1.6 Average 17 32 37 40 
Group 3 
3.6 30 Copper sulfatet 90 80 96 
*0.1 per cent. + 1.0 per cent. $9.8 per cent. 
lub Shock. It is interesting, therefore, to sulfur used in its preparation. The 
ertieg Xamine the briquet made with “Thio- strength of sulfur cements is deter- 
hee XOl.”” Why this sample did not behave mined by the grading of the aggregate, 
+ wag better than others is unknown, but per- the voids in the aggregate and the per- 
he rqaps the loss in strength may have centage of sulfur used. As this par- 
erm Deen influenced by the large amount of — ticular cement contained 70 instead of 


Group 1 
0 1 2 3 a 5 
Time — years 


Time — years 
Fic. 7. Loss of Weight and Tensile 
Strength (Exposure to Bacteria) 


rae Arsenous Oxide Cresol-c 8-naphthol Selenium Xylenol 
0.1% 1.0% 1.0% 1.0% 1.0% 
Fic. 8. Group 1 After Five Years’ Exposure to Bacteria 


55 per cent of sulfur, it is suspected 
that the poor performance of the bri- 
quet must be attributed to this fact. 
The effect of an excess of sulfur is also 
apparent in the briquets containing ar- 
senous oxide. The one containing 60 
per cent of sulfur is inferior to the one 


with 55 per cent. i : 


> 
Jour. AWWa 


Effect of Water-Soluble Salt 

As it was known that sulfur cements 
absorb 1 per cent or more of water, and 
that such cements in use are constantly 


exposed to water, an attempt was made 
to incorporate only such bactericides 
as were essentially insoluble in water, 
so that they would not be removed by 
leaching. But two series of cements 
were made containing, respectively, 0] 
and 1.0 per cent of anhydrous copper 
sulfate, a material soluble in water 
Examination of the data shows that the 
cement containing 0.1 per cent behaves 
normally, as judged by the control 
The cement containing 1 per cent oj 
copper sulfate, however, failed rap. 


idly. Evidence of such failure is ap. 
parent not only by reference to the 
tensile strength data, but also on ex-| 
amining the physical appearance of the 
briquet. Most of the briquets exposed 
in soil in Pittsburgh were compata- 
tively free of signs of spalling, pitting 


or crazing, but the briquets containing 
1 per cent of copper sulfate, as illus 
trated in Fig. 6, spalled and _ crazet 
badly. This deterioration must be at 
tributed solely to the presence of at 
hydrous copper sulfate which, in the 
presence of water, formed a series 0 
hydrates whose volume was greate’ 
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Arse Copper Cre 
Oxide Sulfate 
1.0% 0.1% O1% 


diphenyl! Sulfide Sulfide 


1.0% 0.1% 1.0% 


than that of the original salt. This ac- 
tion caused the briquet to swell, spall 
and disintegrate as shown. Part of the 
disintegration must also be attributed 
to leaching. 


droxy- 
pheno pheno: dipheny! 
1.0% 0.1% 0.1% 


Mercuric Mercuric Naphthalene 
Oxide eet Oxide 


0.1% 0.1% 


B-naphtl Thiokol Selenium Xylenol Control 
0 0.1% 9.8 0.1% 0.1% 
yu Fic. 9. Group 2 After Five Years’ Exposure to Bacteria it 


Mock (9) has brought out that po- 
rous structures can be prepared by dis- 
persing crystals of sodium chloride in 
molten sulfur, allowing the mixture to 
set and extracting the salt with water. 
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TABLE 5 
Loss of Weight of Sulfur Cements 
(Exposed to Bacteria) 


Weight Loss—per cent 
0.5 1 | 2 | 5 
Group | 
. 380 Arsenous oxide* 0.6 0.2 3.0 24. 
- 37 Cresol-ct 2.7 2.6 11. 30. 
378 8-naphtholf —0.4 —0.5 —0.2 —0.1 
3 Seleniumt 0.2 —1.3 —0.6 pa 
70 Xylenolt 0.2 3.5 31.9 
: Average 0.6 0.2 3.3 17.4 
Group 2 
387 Arsenous oxidet is 0.9 4.1 22.9 
0 Control 0.7 0.5 1.8 29.4 
03 Copper sulfate* 3.4 14.3 
7 73 Cresol-c* 4.6 6.0 13.4 32.7 
78 o-cyclohexylphenol* 5.4 7.1 16.7 313 
87 o-cyclohexylphenolf 1.8 1.8 8.3 18.3 
38 o-hydroxydipheny]* 3.2 3.8 15.8 31.9 
83 o-hydroxydiphenylt 0 1.0 1.4 11.5 
8 Lead sulfide* 4.9 6.2 12 28.3 
08 Lead sulfidet 3.6 4.4 12:5 gi. 
77 Mercuric oxide* t7 3.4 13.2 37.6 
7 Mercuric oxidet | 3.1 2.6 1.8 21.2 
88 Naphthalene* 4.7 3.7 6.4 25.1 
308 Naphthalenet 1.5 2.6 8.7 35.8 
370 8-naphthol*# | 0.2 —0.6 24 19.1 
33 Selenium* ‘== 0.8 0.6 4.5 15.2 
00 Thiokolf © 0.3 3.0 5.6 13.5 
07 Xylenol* 0.8 0 35 33.3 
Average Zo 2.9 8.2 26.1 
Group 3 
30 Copper sulfatet 5.4 7.4 | 19.2 39.7 


* 0.1 per cent. 


+ 1.0 per cent. 


¢ 9.8 per cent. 


By using graded crystals the grain or 
pore size of the material is controlled, 
and Mock was able to make either a 
sieve or a cellular structure. The re- 
sults obtained with copper sulfate are 
similar to those reported by Mock and 


to indicate that incorporating 


seem 


water-soluble salts in 


sulfur cements 


may be deleterious. 


Bacteria and Sulfur Cements 


All the data respecting the sulfur ce- 
ments exposed in Texas to  sulfur- 
oxidizing bacteria have been assembled 
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Loss of Tensile Strength of Sulfur Cements 
(Exposed to Bacteria) 


tom 


Strength Loss—per cent 


No. Bactericide Years 

0.5 1 2 5 

Group 1 
380 | Arsenous oxide* 13 7 24 37 
37 Cresol-ct —12 2 10 
378 8-naphtholt 3 8 6 4 
3 Seleniumt —2 —19 —10 
70 Xylenolt 7 10 5 5 
| Average 2 2 b 9 

Group 2 
387 Arsenous oxidet 37 43 38 60 
0 Control ri 12 20 29 40 
03 Copper sulfate* 42 43 49 58 
73 Cresol-c* 26 31 42 45 
78 o-cyclohexylphenol* 20 17 36 43 
87 o-cyclohexylphenolt 6 10 s 32 
38 o-hydroxydiphenyl* 22 40 42 47 
83 o-hydroxydiphenylt 28 37 32 43 
8 Lead sulfide* 8 36 37 46 
08 Lead sulfidet 5 5 26 49 
77 Mercuric oxide* 4 22 36 43 45 
7 Mercuric oxidet 20 33 32 47 
88 Naphthalene* 32 39 40 57 
308 Naphthalenet 45 55 59 59 
370 8-naphthol* 34 40 51 48 
33 Selenium* 38 40 38 52 
00 Thiokolt —10 11 34 53 
07 Xylenol* aad 20 39 27 51 
Average 22 32 37 48 

Group 3 
30 Copper sulfatet 70 85 78 92 


*0.1 per cent. + 1.0 per cent. 
in Tables 5 and 6 and are plotted in 
Fig. 7. Pictures of the briquets after 
exposure are shown in Fig. 8 and 9. 
lt is evident from these data that sul- 
lur-oxidizing bacteria can have a defi- 
nite effect on sulfur cements, and that 
the action as determined by loss in 


19.8 per cent. 


weight is progressive. Visual inspec- 
tion reveals that the briquets have 
been etched. Surface disintegration is 
noted particularly in the cement con- 
taining copper sulfate, as shown in 
Fig. 6, but here the result must be at- 
tributed not only to the action of bac- 
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teria but also to the presence of cop- 
per sulfate. In five years the control 
and the cements classed as group 2 
lost 26 per cent of their weight. Ref- 
erence to group 1, however, indicates 
that certain classes of compounds, par- 
ticularly B-naphthol and selenium, of- 
fer protection against these organisms. 
Whether or not xylenol and arsenous 
oxide can retard the action of bacteria 
is questionable. Judged by the loss in 
tensile strength, these compounds may 
have some retarding action. There is 
sufficient evidence, however, to war- 
rant the assumption that compounds 
are available which will retard or pre- 
vent bacterial action, and it is hoped 
that further research will demonstrate 


those best suited for this use. Oo 
Summary 


Previously data were collected to fa- 
cilitate the production of sulfur ce- 
ments and to aid users in appraising 
and applying them. In the researches 
described in this paper an attempt was 
made to determine the life or aging of 
such cements when buried in soil. 
According to the data collected: 

1. Sulfur cements buried in soil in 
Pittsburgh, after five years’ exposure, 
showed practically no change in weight, 
although there was some loss of tensile 
strength. This loss in strength 1s at- 
tributed to the fact that the cements 
were buried at shallow depths and sub- 
jected to alternate freezing and thaw- 


ing. 
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2. Sulfur cements buried in  gojj 
heavily infested with sulfur bacterj, 
were attacked by the bacteria. The 
action was progressive, with the result 
that after five years’ exposure the ce. 
ments lost considerable weight an¢ 
nearly 50 per cent of their tensik 
strength. 

3. The action of bacteria on sulfy 
cements may be retarded or prevented 
by the use of bactericides. 

4. The incorporation of water-solu 
ble salts, such as copper sulfate, iz 
sulfur cements is deleterious. 
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ATERIALS containing relatively 
large amounts of sulfur have 
been used to seal joints of cast-iron 
water mains. The molten-sulfur seal- 
ing mixture is poured into the joints, 
where it forms an impervious cement. 
Many miles of pipes with joints thus 
sealed have remained intact for years 
and are still in good condition, but it 
is the opinion of some engineers that 
the sulfur sealing compound may break 
down under some conditions. 

The extent of the failures is un- 
known to the authors, and only one 
report of failure has come to their 
attention. This report of Beckwith 
and Bovard (1, 2) was concerned 
with a 15-mile-long 20-in. cast-iron 
water main in California. After only 
one year of service many of the joints 
of the main had failed, and the sealing 
material had so disintegrated that it 
could be easily scraped out of the 
joints. The soil adjacent to the joints 
was wet and black with iron sulfide. 
It was reported that cultures of a 
sulfur bacterium resembling Thioba- 
cillus thiooxidans and also  sulfide- 
producing bacteria were recovered from 

* Journal Series Paper, New Jersey Agri- 
cultural Experiment Station, Rutgers Univ., 
Dept. of Microbiology. 


By Lloyd R. Frederick and Robert L. Starkey 
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Atlantic City, N.J., by Lloyd R. Frederick, Research Fellow, Rutgers 
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Bacterial Oxidation of Sulfur in Pipe Sealing _ 


Mixtures 


1948, at the Annual Conference, 


the water and the black material near 
the leaking joints. Beckwith and 
Bovard contended that the sulfur in 
the sealing compound had been at- 
tacked by the sulfur bacteria and oxi- 
dized to sulfate, and that the sulfate 
was reduced to sulfide by  sulfate- 
reducing bacteria. The cultures of 
sulfur bacteria that they obtained were, 
however, relatively inactive. Further- 
more, recovery of the sulfur bacteria 
from the soils is scarcely adequate evi- 
dence that these bacteria caused the 
pipe failure, for the authors reported 
that the bacteria likewise were recov- 
ered from a garden soil. In addition, 
it has been reported elsewhere that the 
sulfur bacterium has been recovered 
from poorly drained soils (3) as well 
as from cultivated soils (4). Several 
other observers have also recovered it 
from various abnormally acid _ soils. 
Sulfate-reducing bacteria are widely 
distributed in soils, but they are prin- 
cipally active under such anaerobic 
conditions as are encountered in bogs, 
lake and ocean bottoms, and sewage. 

Although the results of Beckwith 
and Bovard are suggestive, they are 
inadequate to prove that the sulfur 
bacteria were responsible for the fail- 
ure of the sealing mixture. 
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Experiments 


The following experiments were un- 
dertaken to determine the susceptibil- 
ity of one of the sealing mixtures to 
bacterial attack, and to consider the 
possibility of incorporating in the seal- 
ing mixture substances that would 
preserve it against destruction by sul- 
fur bacteria. Thiobacillus thiooxidans 
was used as the test organism, because 
it is one of the most active—if not 
the most active—sulfur-oxidizing bac- 
terium found in soils. 


Influence of Particle Size and Area 
The relatively small surface area per 
unit weight of sulfur in pipe joints has 
TABLE 1 


Acid Production in Media Containing Different 
Amounts of Sulfur 


Titer at Different Incubation Periods 
Amount 
Sulfur 4 days | 1idays | 29 days 
g. 
ml. 0.1 N NaOH for 5-ml. Medium 
0 0.1 0.1 0.1 
1 2.4 13.2 
2 Em 19.4 19.5 
5 2.2 20.9 21:5 
10 2.0 15.8 28.0 
25 1.3 9.6 34.2 


a marked effect on sulfur oxidation, 
for it has been shown previously (5, 
6) that oxidation is increased by in- 
creasing the exposed area of sulfur. 
In an additional experiment, pre- 
cipitated sulfur was added to 100-ml. 
portions of an inorganic culture solu- 
tion (6) in amounts from 1 to 25 
g. Flasks of the sterile media were 
inoculated with 7. thiooxidans, incu- 
bated, and tested periodically for in- 
crease in acidity resulting from oxi- 
dation of the sulfur. As shown in 
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Table 1, acid production increased 
with greater amounts of sulfur in the 
medium, after the first few days of 
incubation. 

Additional evidence concerning the 
effect of surface area on oxidation was 
obtained from tests in which the par- 
ticle size of the sulfur was varied (Fig. 
1).  Rhombic sulfur passed 
through screens to obtain particles 


was 


TABLE 2 
Oxidation of Sulfur and Sulfur Mixtures 


Titer—ml. 0.1 N NaOH for 5-ml. Medium 


ert mene 
weeks Sulfur Sealing 
-om pound 
1-cm. Cubes 
0 0.1 0.1 0.1 
1 0.3 03 | 02 
5 0.9 0.7 0.6 
10 1.6 1.5 1.0 
18 3.2 2.8 2.1 
44 6.7 4.7 3.6 
Pulverized Material 
= — 
0 0.1 | 0.1 0.1 
1 5.6 3.6 0.1 
3 17.2 | 14.7 0.1 
6 19.0 14.7 7.6 
8 19.6 15.0 13.5 
varying in cross section from 10-30 


mm. to less than 0.05 mm. The sulfur 
was supported on glass wool to keep it 
on the surface of the medium, for 
otherwise the coarse particles would 
have settled to the bottom of the flasks, 


where the rate of sulfur oxidation 
would have been exceedingly slow. 


Two-gram portions of the sulfur frac- 
tions were placed in flasks of the solu- 
tion medium. (The horizontal lines 
in Fig. 1 indicate the range of sizes of 
the sulfur particles in each fraction.) 
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As shown by Fig. 1, there was an al- 
most linear decrease in sulfur oxidation 
with an increase in the logarithm of the 
size of particles less than 1.3 mm. in 
diameter. Oxidation continued at a 
slow rate with particles larger than this. 

Further information concerning the 
influence of particle size was obtained 
from tests of a commercial sealing 
mixture composed of 58 per cent sul- 
fur, 39.95 per cent silica, 1.2 per cent 
Thiokol,* 0.8 per cent carbon black and 
0.05 per cent phosphorus pentasulfide. 
The various substances associated with 
the sulfur increased the strength and 
elasticity of the mixture. 

Cubes of this sealing mixture, 1 cm. 
in size, were prepared from molten 
material. Similar cubes were pre- 
pared of sulfur alone and of a mixture 
of sulfur (59.2 per cent), silica (40.0 
per cent) and carbon black (0.8 per 
cent). These cubes were supported 
on glass wool in a solution medium so 
that part of the sulfur projected above 
the surface of the medium. 


sulfur materials that were finely pul- 
verized. As shown by the 
summarized in Table 2, 
of acid produced from the cubes 


results 
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Addi- | 


tional tests were made with similar 


the amounts 
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It is evident from the results that, 
although pulverized sulfur is oxidized 
rapidly, massive sulfur is only slowly 
transformed. The presence of a large 
amount of other materials with the 
sulfur in the sealing mixture further 
decreases its susceptibility to attack. 


Inhibitors in Medium 


Because the sulfur in the sealing 
compound might be attacked by sulfur 
bacteria in the soil, consideration was 
given to the use of germicides to con- 
trol bacterial development. In several 
series of tests, the substances were in- 


Particle Diameter —mm. 


> 


1. Size on 


Effect of Particle 
Sulfur Oxidation 


sulfur by 7. thiooxidans on prolonged 


incubation were exceedingly small. 
With finely divided sulfur, nearly as 
much acid was produced in one week 
as from the sulfur cubes in 44 weeks. 
Somewhat less acid was produced from 
the cubes in which the sulfur was 
mixed with other materials. This fact 
is ascribed to dilution and coating of 
the sulfur with the other constituents 
of the mixtures. Other experiments 
indicated that the constituents had 
little, if any, toxic effects. 

*Polymer of polyethylene sulfide. The 
material before polymerization is referred to 


as “Tegul O.” 


corporated in the inorganic solution 
medium customarily used to grow 7. 
thiooxidans. The solution medium 
containing the substance was used in 
100-ml. portions in 250-ml. Erlen- 
meyer flasks. One-gram portions of 
sterile precipitated sulfur were added 
to the flasks of the sterile solution 
medium, after which the flasks were 
inoculated with an active culture of 
T. thiooxidans and incubated at 28°C. 
Periodically the amounts of sulfuric 
acid produced from sulfur oxidation 
were determined. Several experiments 
were conducted in which the inhibitive 
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effects of various organic and inor- summarized in Table 3. Many com- 
ganic materials were determined for pounds completely prevented oxidation 
incubation periods of from two to at 1,000 ppm.; somewhat fewer, at 100 
seven weeks. ppm.; and none appreciably affected 

Compounds with little or no inhibi- oxidation at 1 ppm. There were con- 
tive effect at a concentration of 1,000 siderable differences in the inhibitiye 
ppm. included: copper sulfate, cupric effects of the various phenolic com- 
chloride, chromic chloride, lithium sul- pounds, some of which were relatively 
fate, sodium selenate, sodium arsenate, toxic at 10 ppm. while others showed 


> “a Effects of Various Materials on Sulfur Oxidation by T. thicoxidans 


Concentration (ppm.) 
Substance 1,000 100 10 1 
weeks | 
Inhibition—per cent 
| | 
7 o-cresol 2 100 0 0 0 
2-hydroxy-1,4 dimethylbenzene 2 100 | 66 32 0 
- 
B-naphthol na 2 100 100 | 38 0 
o-hydroxydiphenyl 7 2 100 100 | 39 0 
@-cyclohexylphenol 2 100 100s 29 0 
~ Monoamylphenol 5 100 98 0 0 
_Diamylphenol 5 61 0 0 0 
Monobutylmetacresol 100 0 0 0 
Catechol 5 87 74 0 0 
| Mercaptoethanol 7 5 96 0 0 0) 
Picric acid 2 100 100 53 0 
Crystal violet 2 100 100 33 0 
Acriflavine hydrochloride 4 100 100 67 0 
Sodium azide 7 100 100 0 0 
Sodium iodoacetate 100 100 | 0 0 
Sodium fluoride 4 100 100 0 0 
Sodium silicofluoride 7 100 97 0 0 
Sodium arsenite | 100 83 74 0 
Sodium selenite 4 100 100 | 0 0 
Potassium tellurite 4 100 59 0 0 
ate Copper acetate ; 2 100 100 22 0 
pq Mercuric chloride  -_ 2 100 | 100 100 0 


lead acetate, zinc sulfate and naphtha- no toxicity at 100 ppm. The two 
lene. Tegul O had no inhibitive effect dyes, crystal violet and acriflavine, had 


at 1,000 ppm. Thiokol inhibited oxi- a relatively high degree of toxicity. 
dation by only 40 per cent at 1,000 Some materials used to inhibit bac- 
ppm. and had no apparent effect at terial assimilation were included in the 
100 ppm. tests. These were: sodium azide, so- 
The results obtained with various dium iodoacetate, sodium fluoride, and 
organic and inorganic materials that sodium arsenite. They were about 


showed some evidence of toxicity are equally toxic, except that sodium ar- 


Jul Vv 


the | 
breit 
of 
on tl 
repo 
inhil 
tate 
azide 
Sc 
lurit 
form 
tion< 
seler 
pulv 
cultt 
with 
leniu 
grow 
conte 
pare 
oxid. 
hibit 
tests 
300 
oxidi 
sulfu 


Inhil 


A 
the 1 
to be 
the s 
not 
shoul 
ing 1 
amou 
datio 
not | 
seal 
the c 
these 
any ¢ 
facto 
to be 


| 


AE July 1948 SULFUR SEALING MIXTURES 733 
n- — senite was more toxic at 10 ppm. than To test the effects of the inhibitors 
om | the others. Vogler, LePage and Um- mixed with the sulfur, the materials 
1) | breit (7) also determined the effects were added in appropriate amounts to 
ed | of these and several other inhibitors molten sulfur kept at approximately 
n- | onthe growth of 7. thiooxidans. They 120°C. When the materials appeared 
ve | reported that growth was completely to be uniformly mixed, the molten mass 
n- | inhibited by 2 ppm. of sodium iodoace- was poured on a clean enamel surface, 
ly f tate or sodium nitrite, 42 ppm. of where it cooled. The solidified mate- 
ed | sodium fluoride or 65 ppm. of sodium rials were pulverized, added to flasks 
azide. of the inorganic solution medium and 
Sodium selenite and potassium tel- tested for oxidation by T. thiooxidans. 
lurite were also relatively toxic, the Some of the results of the tests are 
former more so than the latter. Addi- included in Table 4. 
tional tests were made with metallic Certain materials had no appreciable 
~~ F selenium and tellurium in which the toxicity even at a concentration of 1 
_ ] pulverized metals were used in the per cent. Both crystal violet and so- 
culture medium either alone or together dium pentachlorphenate completely in- 
—f with elemental sulfur. Neither se- hibited growth at both 0.5 and 1.0 per 
lenium nor tellurium supported the cent. Some of the materials that had 
growth of 7. thiooxidans. In media relatively high toxicity when used in 
containing sulfur, selenium had no ap- the culture medium were relatively 
parent effect on growth and sulfur nontoxic in sulfur. For example, B- 
oxidation, but tellurium completely in- naphthol and o-hydroxydiphenyl dis- 
solved in the culture solution inhibited 
tests, a sample of sulfur that contained growth at wet, 
300 ppm. of selenium was as rapidly porated with the sulfur, failed to in- 
pe hibit growth even at 10,000 ppm. (1 
oxidized by the bacterium as was pure ; ‘ e 
cilia per cent) in one case and at 5,000 
- ppm. (0.5 per cent) in the other. 
Inhibitors in Sulfur Three of the other phenolic compounds 
sins completely inhibited growth at a con- 
A germicidal substance should have centration of 1 per cent. Although 
the following characteristics in order jodine completely inhibited oxidation 
to be a satisfactory inhibitor for use in at both concentrations. it is not well 
the sulfur sealing mixture: it should — guited for use in the sulfur because it 
not be inactivated by the sulfur; it tends to volatilize. 
should be readily dispersed in the seal- Results with a few additional com- 
ing mixture; it should be released in pounds are included in Table 5. Tests 
wo | amounts sufficient to inhibit sulfur oxi- were made with both static and shaken 
iad | dation over a long period; and it must media, for it was found that some of 
not be a health hazard when used to — the substances caused the sulfur to wet 
ac- F seal joints in water mains. Many of readily and to sink to the bottom of 
the | the compounds tested would not meet — the flasks; under this condition oxida- 
so- | these specifications. Whether or not tion was very slow. As shown by the 
und f any of the substances would be satis- data, only one substance appreciably 
out f factory under field conditions remains inhibited growth at concentrations of 
ar- F to be determined. less than 5,000 ppm. Growth was 
‘a8 


o 
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meagre at 5,000 ppm. with sodium 
silicofluoride and temporarily inhibited 
with metallic tellurium. Sodium pen- 
tachlorphenate was outstanding be- 
cause it completely inhibited growth at 
500 ppm. and caused a delay in oxida- 
tion at 100 ppm. lodine had little or 
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The tests of inhibitors were ver 
much accelerated, because the sulfy 
was always present in the media as 
finely pulverized material. With the 
sulfur in massive form, as it would be 
in pipe joints, the germicides woul 
doubtless exert considerably greater 


E 4 


Substance 


Toxicity of Some Materials Incorporated in Sulfur 


| Inhibition— per cent 
Concentration 


Resorcinol 


Sodium 0-phenylphenate 


Tegul O 


2-hydroxy-1,4 dimethylbenzene 


Phenol 
»-phenylphenol 
-4 O-| 
OR 
Crystal viol 
rystal violet 
4 
we 
= 
lodine 
A product of the Monsanto Chemical Co., named “ 


t A product of the Monsanto Chemical Co., named * 


no protective effect even at a concen- 
tration of 10,000 ppm. The container 
in which the iodine-containing sulfur 
had been stored for several weeks be- 
fore being used showed evidences of 
volatilization of iodine. This is be- 
lieved to be the reason for the different 


results in Tables 4 and 5. bate 
/ é 


Santophen 7." 
‘Santobrite.” 


per cent 
1 week | 4 weeks 
0.5 0 — 
1.0 0 
0.5 0 
1.0 0 0 
0.5 66 0 
1.0 66 15 
0.5 27 0 
1.0 21 0 
0.5 47 Lo 
1.0 50 
0.5 23 
1.0 37 0 
0.5 48 5 
1.0 97 61 
0.5 94 0 
1.0 96 32 
0.5 43 0 
1.0 100 100 
0.5 68 13 
1.0 100 100 
0.5 63 74 
1.0 100 100 
0.5 100 100 
1.0 100 100 
0.5 100 100 
1.0 100 100 
0.5 100 100 
1.0 100 100 


protection than that observed in these 
experiments. 
Conclusions 

Studies of the inhibitive effects of 
various organic and inorganic mate- 


rials on the oxidation of sulfur by 
Thiohacillus thiooxidans have been 
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made with particular regard to con- 
trolling the oxidation of sulfur used to 
seal joints of pipes that are to be kept 
underground. 

The one sulfur sealing compound 
that was tested was found to be sus- 
ceptible to attack by T. thiooxidans, 
but oxidation of the sulfur was ex- 
ceedingly slow unless the material was 
pulverized. Even in this condition it 


TABLE 5 
Inhibition of Sulfur Oxidation by Some Substances Incorporated in Sulfur 


Concen- 
tration 
ppm. 


ale Substance 
¢ 


Iodine 10,000 


5,000 
Sulfur chloride 10,000 
5,000 
1,000 


> 500 


10,000 
5,000 
1,000 


Tellurium 


Sodium silicofluoride 10,000 


5,000 
1,000 


Sodium pentachlorphenate 10,000 


5,000 
a 000 


| 500 


100 


was not so rapidly oxidized as pure 
sulfur. 

The rate of oxidation of sulfur by 
the sulfur bacterium 7. thiooxidans is 
affected by the size of the sulfur parti- 
cles. The larger the particles of sul- 
fur, the slower the rate of oxidation. 
Sulfur contained in sealing material in 
pipe joints would be expected to oxi- 
dize at an exceedingly slow rate com- 
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pared to pulverized sulfur because of 
the small amount of surface exposed. 
In a failure of the sealing compound 
in joints of a water main, reported to 
have been caused by sulfur bacteria, 
the evidence that was presented is 
inadequate to prove the contention. 
There is no indication of whether such 
failures are common or whether this 
was an isolated incident. 


Inhibition —per cent 


Static Media Shaken Media 


| 


1 week | 4 weeks 1 week 4 weeks 
45 45 0 0 
0 0 0 0 
80 76 0 0 
85 76 0 0 
71 64 
0 0 
100 100 100 100 : 
63 0 100 ae 
0 0 91 
100 100 100 100 
49 62 74 — i 
0 0 0 0 
100 160 100 100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
93 67 100 0 


If there are failures due to bacterial 
oxidation of the sulfur, it may be pos- 
sible to preserve the sulfur by incor- 
porating some inhibitive material in 
the sealing mixture. Numerous sub- 
stances have been tested for their in- 
hibitive action on the development of 
T. thiooxidans. The most effective of 
these was sodium pentachlorphenate, 
which completely prevented sulfur oxi- 
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dation in accelerated culture tests when fur-containing Sealing Compound in 
incorporated in the sulfur at a con- Pipe Joints. Univ. Calif. (Los An- 
geles) Pubs. in Biol. Sci., 1:121 (1937), 
centration of 500 ppm. and which had 3 cyipcey. R. L. & Wicut, K. M. ye 
some protective effect at 100 ppm. aerobic Corrosion of Iron in Soil, 
Other materials with somewhat less Report of Tech. Sec., Am. Gas Assn, 
inhibitive effects were crystal violet, _ (1945). k. 
acriflavine,. sodium fluoride, sodium S¥eRIvs, R. Heterotrophe Bacterién, 
die Thiosulfaat Oxydeeren. Disserta- 
silicofluoride, sodium azide, sodium Gon. Uasiv. of Asmeterdam (1946). 
iodoacetate, sodium arsenite,  tellu- Vocier, K. G. & Umpreit, W. W. The 
rium, sodium selenite, potassium tel- Necessity for Direct Contact in Sulfur 
Oxidation by Thiobacillus thioo-xidans, 
. Soil Sci., 51:331 (1941). 
such as a mixture of o- and p-benzyl- ¢ Waxswan, S.A. & Sraaxey, BR. L. Ge 
phenols, o-hydroxydipheny] and o- the Growth and Respiration of Sulfur- 


lurite and various phenolic compounds 


cyclohexylphenol. oxidizing Bacteria. J. Gen. Physiol, 
(1923). 
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By Wendell R. LaDue, Thomas F. Wolfe, Martin E. Flentje, 
C. R. Payne, Joseph P. Schwada, Guy C. Northrop 
and W. Victor Weir 


A panel discussion presented on May 5, 1948, at the Annual Confer- 
ence, Atlantic City, N.J., by Wendell R. LaDue, Supt. and Chief 
_ Engr., Bureau of Water and Sewerage, Akron, Ohio; Thomas F. 


Wolfe, Research Engr., Cast Iron Pipe Research Assn., Chicago; 


Martin E. 

= 


Wendell R. LaDue 


N presenting this panel discussion 

on sulfur jointing compounds—or 
perhaps one should say lead-substitute 
joint material—the principal purpose 
is to bring openly before the members 
of the Association a subject which for 
some time has been discussed infor- 
mally by many widely separated water 
works men. It appears desirable and 
beneficial to all concerned to obtain an 
account of the experience of users, as 
well as to secure an explanation of pos- 
sible causes of failure from both the 
manufacturers and the users of jointing 
materials. In such a discussion, the 
valuable knowledge of the manufac- 
turers of cast-iron pipe is to be ear- 
nestly solicited. 

Viewed in the light of experience, 
the subject really breaks down into 
three problems, perhaps distinct, per- 
haps related : 

1. The disintegration of the jointing 
material [the papers by Duecker et al. 
and by Frederick and Starkey (see pp. 


Flentje, Research Engr., American Water Works Co., 
Inc., New York City; C. R. Payne, Vice-Pres. and Technical Di- 
rector, Atlas Mineral Products Co., Mertstown, Pa.; Joseph P. | 
— Schwada, City Engr., Milwaukee, Wis.; Guy C. 
Northrop & Co., Inc., Spring Valley, N.Y.; and W. Victor Weir, 
— Pres., St. Louis County Water Co., University City, Mo. 


Northrop, Pres., 


715 and 729, this issue) have added 
valuable data to this phase of the sub- 
ject | 

2. The corrosion of the pipe itself, 
especially in the spigot portion of the 
joint 

3. The breaking of pipe bells, with 
the attendant fracture extending along 
the pipe. 


Akron Experience 

Akron experience has been confined 
primarily to the latter two problems, 
involving lead-substitute joint material 
in centrifugally cast pipe. Lead-sub- 
stitute joint material in limited quan- 
tity was first used by the private water 
company at Akron, previous to the ac- 
quisition of the property by the city in 
1912. A few mains were laid in the 
1920’s using this type of material. 
About 1930 the department adopted a 
policy of using lead-substitute joint 
material almost exclusively for its wa- 
ter main construction. Much lead is 
used in repair work. Since 1930 over, 
200 miles of water mains, comprising 
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W. R. 
at least 100,000 joints, have been laid 
using substitute material. 

Akron’s first experience with the 
problems under discussion occurred in 
1944 when a hydrant run broke near 
a lead-substitute joint. Examination 
showed pitting on the spigot of the 
pipe. Soon thereafter a similar break 
occurred at the joint of an 8-in. main. 
Characteristic pitting was again re- 
ported. The department’s curiosity 
being aroused, the adjacent joint, 
which also showed pitting, was re- 
moved and cut into several parts and 
sections which were sent to interested 
persons. A visual examination of the 
joint indicated that the corrosion on 
the surface of the spigot extended in- 
side the joint to the point where the 
packing started. Pitting of the pipe 
was also evident at the face of the bell 
on the spigot end. The 6-in. hydrant 
run was in relatively dry soil, while 
the 8-in. main was in soil showing 
some di umpness. All of these edi 
had been in place less than five years. 
In a subsequent investigation numer- 
ous joints were uncovered at widely 
separated locations. Some of these 
showed pitting and corrosion in vary- 
ing degrees of severity, but no conclu- 
sion on the effects of soil conditions 
could be drawn, because the pitting had 
occurred and been absent indiscrim- 
inately in dry, wet, sandy, 
mucky, rocky and filled ground. 

Representatives of the cast-iron pipe 
industry, examining the location of the 
8-in. main break, reported that the soil 
satisfactory and not 


clayey, 


conditions were 
necessarily conducive to disintegration 
or corrosion. The joint material man- 
ufacturers’ representatives seemed to 
feel that the damp soil had no bearing 


, on the condition of the compound. — 
6 
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Akron’s most serious, annoying ang 
expensive experiences have been in the 
breaking of bells. The failures are qj 
similar and, strangely, occur pring. 
pally in pipe of 12-in. size. The bel 
simply cracks for no apparent reasop 
and opens about } in., after the wate; 
pressure has been released. The crack 
extends in a spiral for approximate) 
4-8 ft. along the top, side or bottom 
of the pipe. Real damage occurs t 
the pavement and adjacent properties 
There have been ten such breaks in ; 
3,800-ft. section of 12-in. main laid j 
1942. Several similar breaks in othe 
12-in. mains have occurred throughow 
the past few vears. 

Temperature stress seems to hay 
no effect, since breaks have occurred a 
all seasons. Field inspection at break: 
has eliminated the possibility of poor 
alignment, faulty pipe laying and back. 
filling as causes. Excellent trench ma. 
terial and conditions prevailed. Th 
possibility of “push” stresses on  pipx 
laid on a grade was suggested, but sev- 
eral breaks have occurred perfecth 
level ground. The pipe manufacturer: 
have viewed several breaks on_ the 
ground and have subsequently exam- 
ined pipe removed at the break, sub 
jecting it to standard laboratory tests 
for pipe and pipe material without ar- 
riving at any explanation. 

Akron’s difficulties with lead-substi- 
tute joints have been quite recent (dat- 
ing from 1944) and relatively small in 
proportion to the number of joints in- 
The department is vitally in- 
terested, however, in obtaining more 
tangible information on a_ problem 
which is not only confusing but def: 
nitely annoying. As the city of Akron 
expects to embark upon a pipe laying 
program (as soon as pipe deliveries 
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are assured) involving many miles of 
j2-in. and larger cast-iron pipe, a 
jointing material which will insure a 
satisfactory joint life and corrosion fac- 
tor is of the utmcst importance. The 
Akron water bureau maintains an open 
and at the same time inquiring mind 
on the subject, desiring simply that the 
mains have the opportunity to give the 
unhampered service of which they are 
capable. 


Thomas F. Wolfe 

The cast-iron pipe industry is of the 
opinion that the choice of jointing ma- 
terials and methods to be used with 
bell-and-spigot pipe should be in the 
hands of the water works operator. 
Since one of the principal characteris- 
tics of cast-iron pipe is long life, the 
industry is, of course, concerned by 
anything that would tend to affect this 
longevity. Consequently, the industry 
is interested in ways of overcoming any 
corrosion which may be caused by sul- 
fur compound jointing materials. 

Although it is true that in a number 
of places corrosion sulfur-com- 
pound jointing materials seem to be 
related, it is also true that in many 
other localities where similar jointing 
practice has been followed, no corro- 
sion troubles have been reported. The 
logical conclusion would seem to be 
that the compounds by themselves are 
not entirely at fault, but that the diffi- 
culty arises from a combination of the 
sulfur compound and some soil condi- 
tion, 

In the examples that have come to 
the attention of the cast-iron pipe in- 
dustry—with only one exception—the 
corrosion traceable to the use of sulfur 
compounds appears to have been of the 
anaerobic variety, a type which is usu- 
ally limited to heavy, wet soils. The 
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one exception referred to occurred in 
a dry, sandy soil, but it is felt that 
insufficient information is available 
to determine whether this failure was 
caused by the jointing material or by 
other conditions. 

Where anaerobic corrosion has oc- 
curred, three remedies suggest them- 
selves: (1) using a bactericide in the 
compound to eHminate bacterial ac- 
tion; (2) changing the environment 
around the joint by the use of sand 
backfill, in order to aerate the joint 
and discourage bacterial action; and 
(3) using some jointing material other 
than a sulfur compound in soils of this 
particular type. 

Though split bell failures are a rare 
occurrence, the fact that under like 
conditions, even in the same water sys- 
tem, there are more failures of this type 
where sulfur compounds are used than 
where lead is employed would lead to 
the conclusion that the compound con- 
tributed to the failure. The remedy is 
not to increase bell strength in order to 
be able to handle the stress caused by 
the expansion of the jointing material, 
because this procedure, if followed, 
would add to the cost of the pipe for 
all consumers whether or not they use 
sulfur compound jointing materials. 
The logical solution is to adjust the 
composition of the compound in such 
a fashion that bell strains will be elim- 
inated, if an adjustment of this kind 
is possible. 

It appears that  sulfur-compound 
jointing materials have been used for 
so long and in such widely scattered 
areas as to make it feasible, by means 
of a simple research program, to de- 
termine the types of soil where no 
trouble has been experienced, as well 
as the types where the corrosion of 
pipe or the disintegration of joint ma- 
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terials has occurred. If this informa- 
tion is gathered and correlated, it 
should be possible to predict before- 
hand whether or not sulfur compounds 
ought to be used in any particular lo- 


cation. 
Martin E. Flentje 
The use of sulfur jointing com- 


pounds in cast-iron Water mains, al- 
though generally satisfactory, has not 
been without some failures and trou- 
bles. In the American Water Works 
Co. properties these difficulties have 
fallen into four categories: (1) failure 
of joints through crumbling and dis- 
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Disintegration of Older Joints 


Joint failures caused by disintegra- 
tion after a considerable period of sery- 
ice in the ground appear to be limited 
to wet, marshy locations, particularly 
in areas where the ground water is of 
a saline character and where sulfides 
seem to be present. The percentage of 
this type of failure (to total joints jn 
is low, but this fact (as in 
other sulfur-compound joint failures) 
is of little comfort to the operator who 
has this problem to contend with. Al- 
though bacterial action appears to ex- 
plain this type of failure, no definite 


service ) 


i — Repairs of Mains at Birmingham 
Repairs 
Main 
Size pon ‘ Joint Leaks Broken Bells 
in. 
Total 
No. per cent No. per cent 
8 4 59 34 57.6 25 42.4 
42 14 164 62 37.8 102 62.2 
16 4 47 45 95.8 2 4.2 
Total 25 270 141 52.2 129 47.8 


integration shortly after the laying of 
the lines (this has not happened in the 
past 25 years, but at one time was a 
source of considerable financial loss) ; 
(2) failure of joints through disinte- 
gration of the compound after the 
joints have been in service for some 
time; (3) bursting of bells; and (4) 
pitting of the pipe either near the joint 
face or under the joint material. 

The first category probably requires 
no further discussion in this paper. In 
passing, however, it should be re- 
marked that no good explanation was 
ever offered for these costly failures, 
most of which were on raw-water lines. 


proof of the correctness of the theory is 
at hand. 


ae 
Breaking of Bells 


The bursting of bells in cast-iron 
pipe in which a sulfur compound was 
used is another source of trouble. This 
type of failure is almost entirely absent 
in most locations, but in at least one of 
the American Water Works Co. sub- 
sidiaries (Birmingham), it has_ oc- 


curred too often to be lightly dismissed. 
For 25 miles of main, out of a total of 
88 miles laid in the period 1926-30, on 
which a rather detailed study was 
made, there is a record of 270 repairs 
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between the time of the laying of the ary companies for examination and 
pipe and the end of 1943. Of these analysis of the joint material. Only 
ra 270 repairs, 141 were joint leaks and Hydrotite and Leadite are represented 
i 129 broken bells, as shown in Table 1. in the results shown in Table 2, be- 
ted Taking the Birmingham system as cause no other materials were used at 
rly a whole, repairs have averaged one per the time these mains were laid. In 
a year for every two miles of distribu- practically all the samples, some cor- 
des tion mains; taking the compound-joint — rosion in the form of pitting was found. 
Ot mileage alone, such repairs have oc- Sometimes these pits occurred on the 
in curred twice as frequently—one per spigot just in front of the joint face; 
m year per mile of main. During the both bell and spigot almost always 
es ) 
fol _ TABLE 2 
Al. Summary of Pitting Data 
; Iron in Compound 
lite 
= Depth of | Indicated 
Com- ee < Deepest Life of Joint Joint Next to 
pany Material — ws as Pit Pipe Face Center Jute 
per cent 
A Leadite 6 20 & 574 | 32.50 | 40.00 | 35.00 
B-1 Hydrotite 6 14 ui 90 4.00 0.63 5.00 
B-2 Leadite 6 21 & 223 0.63 2.50 25.00 
| Hydrotite 6 17 90 
- D-1 | Leadite 4 31 ee 139 25.00 100.0 20.00 
1-2 Hydrotite 6 21 a 247 1.25 2.50 10.00 
E-1 Hydrotite 6 23 nes 214 5.00 2.50 6.25 
E-2 Leadite 6 32 0 oo * 1.25 1.25 5.00 
F | Leadite 6 40 0 oo * 0.25 0.13 0.50 
G | Leadite 6 21 43 48.6 31.25 
= H | Leadite 6 17 0 co * 7.50 2.50 12.50 
I Leadite 6 17-20 106-125 
is K-1 Leadite 4 23 0 20 * 16.25 2.50 7.50 
K-2 Hydrotite 6 17 0 oo * 5.00 3.75 27.50 
* Infinite life—no failure through pitting action. 
‘on period under discussion, no bell breaks showed pitting at the compound-jute 
yas occurred in lead-calked joints. No interface; and in other samples nearly 
his good explanation for this type of fail- the entire area of the spigot piece un- 
ent ure, either in Birmingham or else- der the compound in the joint was cor- 
of where, has been found. ss roded to some extent. If it is assumed 
1b- oe that the pitting will not proceed faster 
oc- Corrosion and Pitting ss than the rate indicated up to the time 
ed. During 1947-48 approximately — of removal, then the pitting found was 
of twenty compound joints, varying in _ serious in the systems of only two com- 
on age from 14 to 40 years, were cut panies. Even in these, it should be 
yas out of the distribution systems of pointed out, similar graphitic corrosion 
irs American Water Works Co. subsidi- has occurred rather commonly on the 
- 
be 
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run of the pipe away from the joint. 
The corrosion is, however, considera- 
bly aggravated at and under the joint 
and is more serious in sulfur-compound 
joints than in those sealed with lead. 
The pitting or corrosion near the 
jute appears to be of bacterial origin. 
Bacteria or, more probably, galvanic 
action between the iron sulfide in the 
joint material and the iron of the pipe 
—in which the iron is the corroding 
anode and the sulfide the protected 
cathode—appears to be a logical ex- 
planation for this difficulty. 

In one company this type of corro- 
sion, in the form of pitting at the face 
of the joint (in the spigot piece of the 
pipe), was serious enough to require 
the cutting off of 6 in. of the affected 
pipe when the line was re-laid. This 
pitting took place within six years or 


less. 


Summary 


In conclusion, it seems apparent that 
sulfur main jointing compounds are 
satisfactory in a large majority of lo- 
cations. There are conditions under 
which these compound materials ap- 
pear to be responsible for, or to ag- 
gravate, conditions leading to operat- 
ing failures—of which the breaking of 
bells and the pitting of cast-iron pipe 
are the most important. It is unfor- 
tunate that the reasons for the failures 
mentioned are not more definitely 
known, and the Association can per- 
form a real service in sponsoring an 
impartial study of these causes. > 

%a 
C. R. Payne 
It is doubtful whether the members 
of the A.W.W.A. realize the great 
amount of research that has been done 
on sulfur cements. For example, com- 
plete information has been published 
(1) regarding their chemical resist- 
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ance. It is known that sulfur cements 
are at least equal to lead in their resist- 
ance to acids and corrosive salts and 
are superior to cast iron or Portland 
cement. In another publication (2) 
it was shown that sulfur could be plas- 
ticized to increase its resistance to me- 
chanical and thermal shock and reduce 
its coefficient of expansion. Informa- 
tion is available on the proper grading 
of aggregates to produce a sulfur ce- 
ment of maximum density. These 
properties are of importance when the 
cements are used to join large-diameter 
pipe and when the pipeline passes un- 
der a railroad or over a bridge where 
resistance to vibration is a factor. Pro- 
visional methods for testing sulfur ce- 
ments have been published (3), which 
make it possible for the engineer to 
evaluate the various cements on the 
market and set up his own standards 
for purchasing. 

For over ten years there has been 
more or less interest in the possibility 
of sulfur cement being disintegrated by 
sulfur-oxidizing bacteria. Only one 
such failure has been reported by Beck- 
with and Bovard (4) and the data pre- 
sented by them are inadequate to prove 
that the failure was caused by bacteria. 
If this is a problem, then it has been 
solved by the research reported by 
Duecker et al. and by Frederick and 
Starkey (see pp. 715 and 729, this is- 
sue). The manufacturers of sulfur ce- 
ments and the engineers using these 
materials should be very grateful to 
the Texas Gulf Sulphur Co. which 
made possible this long research pro- 
gram. 

At Newgulf, Tex., near one of the 
sulfur vats, a soil was found which was 
well contaminated with sulfur-oxidiz- 
ing bacteria, and optimum conditions 
for the growth of these organisms ex- 
isted. It seems very doubtful that 
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these conditions would be duplicated 
en any water line. Yet sulfur cement 
containing B-naphthol was not attacked 
over a period of five years, whereas 
sulfur cements containing no germicide 
were slowly attacked. Frederick and 
Starkey carried on these experiments 
in the laboratory under ideal conditions 
for the growth of sulfur-oxidizing bac- 
teria and found several germicides 
which were superior in some respects 
to B-naphthol. 

This research provides the necessary 
information to allow the manufacturer 
to produce a sulfur cement which will 
be immune to the attack of sulfur-oxi- 
dizing bacteria. The Atlas Mineral 
Products Co. has been adding the 
germicide sodium silicofluoride to its 
compound for almost a year. This 
germicide is practical to use because: 
(1) it is not inactivated by sulfur, 
either in the molten or solid state; (2) 
it is readily dispersed in the sealing 
mixture; (3) it is substantially insol- 
uble in water; (4) it does not give off 
fumes which are toxic or unpleasant ; 
and (5) it does not present a health 
hazard. 

The effect of adding substantial 
quantities of water-soluble salts to sul- 
fur cements was also described in the 
Duecker paper (see p. 724, this issue). 
Atlas does not add an ingredient of 
this nature to its cement and all of the 
materials are purchased according to 
rigid specifications and are carefully 
analyzed before use. 
=~ 
Causes of Corrosion 

Corrosion is another difficulty but its 
causes are so many and varied that the 
solution to it still lies ahead. The cor- 
rosion and pitting of cast-iron water 
lines is a serious problem, at least in 
certain localities, whether the pipe is 
joined with sulfur cement, lead or 
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Portland cement. For example, Sco- 
field and Stenger (5), in 1914, showed 
that certain dissimilar soils, when kept 
moist and in contact with the same 
metal, caused active local corrosion and 
generated a considerable difference in 
potential, because variations in the sol- 
uble constituents formed an electrolytic 
cell. Such corrosion may occur in 
practice when trenches are backfilled 
with a mixture of different soils. 

Pipe in contact with two solutions of 
the same salt of different concentra- 
tions sets up a concentration cell which 
causes pitting of the pipe. If the line is 
in a clay soil, the slow diffusion of wa- 
ter may give rise to a salt concentration 
cell. Dissolved oxygen also varies in 
concentration from point to point in 
soil water, causing a difference in po- 
tential and corrosion of the pipeline. 

Carbon in cast iron may exist in the 
form of graphite flakes or as combined 
carbon. Graphite fakes are cathodic 
to iron and accelerate corrosion, espe- 
cially in salt solutions. certain 
kinds of soil water the solution of the 
metal becomes very rapid along the 
graphite flakes and results in the so- 
called graphitization of iron. 

Severe pitting of pipe may be caused 
by galvanic couples or by stray-current 
electrolysis. To avoid electrolysis by 
stray currents, it is not certain whether 
it is better to have a joint in the water 
line which is a conductor or a non- 
conductor. Sulfur cement and Port- 
land cement joints are not good con- 
ductors, but it should not be a difficult 
problem to make such a joint conduct 
electricity if this is desirable. 

Starkey has published (6) some 
very interesting information on anaero- 
bic corrosion of iron in soil. Steel and 
cast iron corrode in soil under anaero- 
bic conditions even where stray current 
electrolysis, high acidity or galvanic 
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couples do not occur. The evidence 
indicates that bacteria play an impor- 
tant role in anaerobic corrosion. 

Since the possible causes of corro- 
sion of cast-iron pipelines are so nu- 
merous, the solution of this problem 
depends upon successful research in 
many fields. The question of whether 
or not the corrosion of pipelines is in- 
creased by joints made of sulfur ce- 
ment, lead or Portland cement is being 
thoroughly investigated at present. 
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Observations of the condition of un- 
derground materials of the Milwaukee 
distribution system in the last few 
years show that some joints made with 
sulfur jointing compounds have so dis- 
integrated that a comparatively short 
service life is indicated. 

The disintegration can be classified 
into two types: (1) the graphitization 
of the cast-iron adjacent to the joint; 
and (2) the loss of sulfur from the 
jointing material. 
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The graphitization or loss of irop 
from the piping and accessories wa; 
observed to take place in various lo. 
cations adjacent to the joint. Usually 
graphitization was greatest in the top 
half of the piping. The location where 
the graphitization was most severe and 
critical was in the top of the spigot d- 
rectly below the point where the base 
of the pouring cone or cones ha( 
rested. Other areas of graphitizatioy 
observed were in the spigot and bel 
adjacent to both the interior and ex. 
terior face of the jointing materia 
and more or less completely aroun¢ 
the circumference. Graphitic corre 
sion was also noted on the face oj 
the bell where the pouring cone had 
been in contact with the cast iron. 

No corrosion of this type has beer 
found in connection with lead joint 
even though located in close proxim- 
ity to sulfur-compound joints in which 
disintegration noted. In som 
valves and fittings where lead was used 
on one side and the sulfur-compouné 
joint on the opposite side, disintegra- 
tion was absent at the lead joint bu 
was observed at the sulfur-compound 
joint. 

The depth of the pits caused by 
graphitization under the pouring cone 
and in other areas was measured and 
recorded where practical. Sketches 
showing the location and the extent of 
corrosion were also made, and at times 
photographs were taken as a matter of 
record. 

Chemical analyses were made of the 
jointing materials in a limited number 
of joints which had been in service ter 
years or more. ‘ Some of the analyses 
disclosed a decided reduction in the 
sulfur content of the materials. The 
lower sulfur content was found neat 
either the interior or exterior face oj 
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the jointing material. Where the sul- 
fur content was low, it was also noted 
that the ‘physical characteristics had 
deteriorated so that the jointing mate- 
rial could be removed from the joint 
with a stick or pocketknife. 

Observations were made of the soils 
surrounding the joints. In _ general, 
the soils vary from those in old indus- 
trial areas in the valley to those in 
high, well-drained and only partially 
developed meadow areas. Much of the 
soil is Miami clay. A few pH deter- 
minations and resistivity measurements 
were made but were not considered 
significant in explaining the corrosion 
observed. No laboratory investiga- 
tions were made to determine the pres- 
ence or absence of sulfur-consuming 
bacteria in the soil. 

It might be of interest to mention 
also that, when the investigation was 
started, a sulfur-compound pouring 
cone was removed from the ground 
adjacent to the main. (The pouring 
cone had so disintegrated that only a 
crystalline structure about the diameter 
of a thin lead pencil was found in the 
center. 

Over a period of years electrolytic 
corrosion in cast-iron mains with lead 
Such corrosion 
was found in various places along the 
pipe and was never confined only to the 
bell and spigot of the same lead joint, 
which was contrary to the experience 
with the sulfur-compound joints. The 
immediate cause of the electrolysis was 
determined and provisions were made 
for its removal. 

It does not seem likely that electroly- 
sis is a factor in the corrosion of sulfur- 
compound joints. Stray currents—that 
is, those incidental to electrolysis— 
originate over the area served by the 


joints was observed. 
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various electrical systems and flow to 
established drainage points located in 


generating stations and _ substations. 
The direction of flow of these cur- 


rents, once established, usually remains 
fixed. It is also known that graphitic 
corrosion occurs where the electric 
current leaves a cast-iron water main. 
The observations made indicate that 
the graphitization of sulfur-compound 
joints often takes place in both the 
bell and spigot of the same joint. This 
apparent disagreement between the 
known phenomena of electrolysis and 
the observations makes it seem logical 
that electrolysis is not a factor. More- 
over, graphitic corrosion has been ob- 
served in localities where there is no 
reason to suspect electrolysis. 

In Milwaukee there is a committee, 
consisting of representatives of the sev- 
eral public utilities, which periodically 
makes tests in the field to determine 
the presence of stray electric currents. 
According to the committee secretary, 
measurements taken recently indicate 
that the pipe was negative to the sur- 
rounding structures and earth. 

There is also no reason to believe 
that the corrosion observed in the sys- 
tem in Milwaukee is due to a misap- 
plication of the sulfur jointing com- 
pounds. The first water main laid 
with a sulfur jointing compound was 
constructed with the assistance of an 
engineering representative of the com- 
pany that furnished the compound. 
The representative supervised the heat- 
ing of the material and the pouring of 
the joints and later worked with the 
various contractors on other installa- 
tions. It is believed, therefore, that 
proper supervision was employed in 
the field. 

The installation of sulfur-compound 
joints in the Milwaukee distribution 


Vas 
» 
ally 
tof 
ere 
and 
had 
ti01 
bell 
ex- 
4 
TTO- 
ha 
heer 
q 


system was discontinued in January 
1946, and the sulfur compounds are 
not being used at the present time. 

In submitting these comments, the 
author wishes to acknowledge the splen- 
did help and advice of his assistant, Ar- 
thur Rynders, under whose supervision 
the investigation was made. It is pro- 
posed to continue the study of the situ- 
ation in Milwaukee. If joints are 
found to be disintegrating in areas 
where permanent pavements have not 
been laid down, it is contemplated that 
the joints will be replaced before the 
pavement is constructed. 


Guy C. Northrop 

A conservative estimate of the quan- 
tity of sulfur jointing compounds used 
during the past half century is ap- 
proximately 150,000,000 Ib. As sulfur 
jointing compounds are employed in 
place of calking lead and are so much 
lighter in weight, the saving in mate- 
rial can be conservatively calculated 
to represent about $40,000,000. 

Consider also the further saving in 
labor, as represented by the elimina- 
tion of calking. Freight charges are 
reduced more than one-half, and mil- 
lions of gallons of water are saved an- 
nually due to the tightness of com- 
pound joints. If these savings could 
be estimated, the author is firmly con- 
vinced they would total at least an 
additional $40,000,000. 

The invitation to take part in this 
panel discussion noted that some of the 
users of sulfur jointing compounds 
have encountered such problems as the 
disintegration of the jointing material, 
the corrosion of pipe at the sulfur sur- 
face and the breaking of pipe bells. It 
was further noted that these users wish 
to be guided in their handling of sul- 
fur compounds so that the best results 
can be obtained. The author and other 
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manufacturers of joint compounds tak- 
ing part in this discussion were re- 
quested to provide such guidance or 
to suggest a course of investigation to 
be followed. q 


Disintegration of Material 

For more than twenty years the au- 
thor has been associated with the joint 
compound industry and during’ that 
time has received only one report or 
communication referring to the dis- 
integration of jointing materials. This 
occurred during the war, and the re- 
port came from an army proving 
ground. <A field representative who 
was immediately dispatched to the area 
discovered that the pipeline was _bur- 
ied with less than 2 ft. of cover and 
was installed in the immediate vicinity 
of some very large guns which were 
being fired frequently. In an attempt 
at sterilization, an exceedingly strong 
dosage of copper sulfate had been in- 
troduced into the line before putting it 
into general use. This dosage was of 
sufficient strength to affect the hy- 
drants, completely disintegrating the 
stuffing box packing and corroding the 
working parts. 

About one month after the line was 
completed, a number. of compound 
joints showed signs of disintegration. 
These joints were adjacent to the gun 
positions and also to the place where 
the copper sulfate was fed into the 
line. The soil seemed to be uniform 
over the entire line but only about one- 
third of the pipe joints showed any 
trace of disintegration. 

Samples of the soil and compound 
were given to a specialist in microbi- 
ology for analysis and experiments. 
Although it was found that the soil 
samples contained sulfur bacteria, there 
was no evidence to indicate that their 
presence was the cause of the trouble. 
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Aiter carefully reviewing all avail- 
able data on research carried on in the 
New Jersey Agricultural Experiment 
Station at Rutgers University (see p. 
729, this issue) it is the author’s con- 
clusion that no evidence exists to sup- 
port the suspicion that the disintegra- 
tion of sulfur compound joints is due 
to sulfur bacteria. During these ex- 
periments various germicides 
studied and certain ones were found to 
be relatively toxic to the sulfur bac- 
teria. Northrop & Co. selected .one of 
these germicides after tests were con- 
ducted to determine whether this ma- 
terial would mix uniformly with sulfur 
and other compound minerals.  Fur- 
ther tests were made in an effort to 
determine whether the addition of this 
germicide would change the character 
istics of the present compound. 

On March 1, 1948, Northrop & Co. 
mailed a new booklet to all customers, 
and many prospects, which contains 
the statement: “Germicides have been 
recently developed to prevent action of 
sulfur bacteria on sulfur joint com- 
pounds and we will gladly furnish 
Bond-O containing such a germicide 
upon request.” 

In the nine weeks since these book- 
lets were mailed, not a single inquiry 
has been received from any user re- 
ferring to a germicide. 


were 


Pipe Corrosion at Sulfur Surface 


There is no evidence that the prob- 
lem of the corrosion of pipe at the sul- 
fur surface is widespread or that sulfur 
jointing compounds, as such, are re- 
sponsible for the corrosion of cast-iron 
water pipe. 

On November 15, 1945, Northrop 
& Co. began an accelerated test to de- 
termine whether Bond-O joints would 
cause pitting or corrosion of pipe at 
the compound surface. <A test section, 
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consisting of ten 4-ft. lengths of 6-in. 
pipe, was set up aboveground and all 
joints poured with Bond-O. This line 
has been filled and emptied many times 
and has been constantly exposed to at- 
mosphere, rain and snow. For three 
winter seasons it was leit empty on the 
ground, completely buried under snow. 
The line has carried pressure for about 
fifteen months out of thirty and has 
been left dry and open to the atmos- 
phere for the remaining fifteen months. 
Tests have been made upon many oc- 
casions, at pressures from 250 to 550 
psi. Joints were cut out and inspected 
after six, twenty and thirty months had 
elapsed, and no sign of corrosion or 
pitting of the pipe is in evidence. 
Breaking of Pipe Bells 

The breaking of pipe bells jointed 
with a sulfur compound must be ex- 
tremely rare, for the author has no 
intimate - knowledge of places where 
this problem has been encountered. 
An interesting experiment was recently 
started by Northrop & Co. which con- 
sisted of pouring Bond-O joint com- 
pound into thin glass test tubes ap- 
proximately 4 in. in diameter, the 
thickness of the average joint. After 
cutting off the closed ends, the test 
tubes were placed in a pan of water 
and, in order to accelerate any action, 
one end of each tube was left exposed 
to the atmosphere. Each day the tube 
ends were reversed in the pan and 
fresh water was added. After three 
months of this treatment the surface 
of the compound shows a slight dis- 
coloration but there is no evidence of 
expansion and the glass tubes are in- 
tact. 

In conclusion, and for the future 
guidance of sulfur compound users, it 
is well to remember that there are 
thousands of miles of cast-iron pipe 
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jointed with sulfur compounds, repre- 
senting a saving of millions of dollars. 
These compounds are giving excellent 
service and compare favorably with 
other water works materials which are 
manufactured by various companies 
and sold in competition. 

The manufacturers of sulfur com- 
pounds have a definite responsibility 
to furnish material which will func- 
tion properly at all times and last in- 
definitely. This they can do. Should 
trouble develop or problems arise, the 
manufacturer of the particular com- 
pound causing the difficulty must ac- 
cept this responsibility and make such 
changes in his methods or ingredients 
as may be indicated. 


W. Victor Weir 

The purpose of this discussion is 
to evaluate the properties of sulfur 
jointing compounds, singly or sever- 
ally, to find whether such compounds 
are suitable materials for making bell- 
and-spigot water main joints. The 
statements made by the author must 
necessarily be based upon personal ex- 
periences and upon the authentically 
reported experiences of others. 

Some day an inventor may come 
forth with a machine and a process by 
which the water main will be made on 
the job and extruded as a permanent, 
flexible tube of any desired length. 
There will be just two joints, one at 
the beginnirig and one at the end of 
the job. Until that time arrives, how- 
ever, it will be necessary to make, and 
probably repair, many joints between 
innumerable short lengths of water 
pipe. 

Water mains constructed today are 
compromises. An attempt is made, 
with the money available, to install 
pipes which will be as permanent as 
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possible. The pipes can be handled 
only in moderately long lengths and 
must be jointed. Because the pipes 
themselves are not very flexible, the 
flexibility must be built into the joints, 
Pipes often have to be lowered, prefer- 
ably with the pressure on, and _ the 
joints must give and still hold. 

There seems to be no way of elim- 
inating joints. The pri blem is to get 
good joints at a reasonable price. For 
many years sulfur compounds have 
been used as the jointing material to 
connect thousands of miles of bell-and- 
spigot cast-iron pipe. In several re- 
spects sulfur compounds are superior 
when compared with other available 
material and other types of joints. The 
price is low; joints can be made with 
a minimum of labor and are tight after 
a short take-up period; the material 
will “self-seal” if it is cracked by the 
movement of the pipes after they have 
been installed; and the compound is 
readily obtainable. 

The wide acceptance of sulfur-com- 
pound jointing material is borne out 
by the number of brands advertised in 
the A.W.W.A. JourNAL. Sulfur com- 
pounds are also accepted as a jointing 
material for private underground fire 
protection mains. 

Questions have been raised about the 
service life of sulfur compounds. State- 
ments have been made regarding un- 
satisfactory experiences with one or 
more brands of this material. Failures 
have been reported and have been at- 
tributed to various factors, such as bac- 
terial attack upon the sulfur, the pres- 
ence of certain ingredients in one or 
more brands, and poor workmanship 
and improper handling. 

Although the failures are real, their 
actual causes are obscure. Some in- 
vestigators have ascribed very definite 
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causes to certain reported failures, but 
others indicate that circumstantial evi- 
dence has been given too much cre- 
dence, and the failures may not have 
been due to the causes assumed. 

The author agrees that more infor- 
mation regarding sulfur compounds is 
desirable and that careful investigation 
of old compound joints is needed to 
predict more accurately the useful serv- 
ice life which may be expected of these 
materials. It is necessary to know the 
effects of various soil conditions upon 
the life of such joints, in order to de- 
termine when and when not to use 
them. It should be ascertained 
whether electric current flow in a main 
will affect the jointing material or the 
pipe metal at the joint; whether gal- 
yanic corrosion may result from the 
dissimilarity of the elements iron and 
sulfur; and whether the protective 
coating on the pipe has any effect on 
the life of the sulfur jointing com- 
pound. 

Several epidemics of failures of sul- 
fur-compound joints have been re- 
ported, so severe that the utilities in- 
volved have refused to use any more. 
Sometimes the failures occurred after 
several years of service, and after a 
considerable quantity of the material 
had been used. With the present-day 
knowledge of research technique, it 
should not be impossible for a com- 
pound manufacturer to state that his 
material is suitable or unsuitable, de- 
pending upon soil conditions or other 
controlling factors. 


St. Louis County Experience 


The author is personally very much 
interested in whether not sulfur- 
compound joints will last as long as 
the cast-iron pipes they join. St. 
Louis County has approximately 660 


or 
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miles of cast-iron pipe with such joints, 
installed in the last 23 years. At the 
end of 1948 it is hoped to have over 
700 miles laid with sulfur-compound 
joints. 

The St. Louis County Water Co. is 
aware that sulfur joints have failed in 
other installations. Some have failed 
in St. Louis County, but not in large 
numbers. Numerous joints have been 
examined for evidence of present or 
future serious trouble, but nothing has 
been found to cause alarm or to justify 
abandoning the use of sulfur-compound 
joints for a more expensive type. 

A total of 113 miles of sulfur-com- 
pound-jointed pipe has been in the 
ground for 20-23 years and 279 miles 
for fifteen years or more. Approxi- 
mately 50,000 of these compound joints 
are more than twenty years old, and 
125,000 joints are more than 15 years 
old. The 660 of compound- 
jointed pipe contains a total of about 
300,000 compound joints. If sulfur 
compound is unsuitable, definite evi- 
dence the fact should 
noted by this time. 

In the last six months it has been 
necessary to repair 27 sulfur-compound 
joints. Bell-joint clamps were used 
on 18 joints. Three joints were cut 
out and repoured. Tapping stopped 
leaks in the remainder. There was no 
evidence at all of attack on or corro- 
sion of the pipe metal. 

In the same six-month period 14 
lead joints had to be recalked. This is 
52 per cent of the number of com- 
pound joints worked on, whereas the 
220 miles of lead-jointed pipe amounts 
to 33 per cent of the mileage of sulfur- 
compound-jointed pipe. 

The experience in St. Louis County 
has not been compared in detail with 
that of other utilities, although it is 
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known that some utilities have had a to adverse environment, faulty mate. 
much higher percentage of joint fail- rials or faulty workmanship. Becaug 
ures. Others may have had less. all the joints have been made by ex. 
The author is unable to suggest what —_ perienced employees, it is believed tha 
to consider as a satisfactory or unsatis- faulty workmanship has been kept ty 
factory joint mortality rate or why a minimum. Since there has been eyj. 
joints will fail in one environment dence that part of the jointing mate. 
when they will work satisfactorily in rial in most defective joints was good, 
while part had deteriorated in sulfur 
To summarize, experience indicates content, it appears that there has beep 
that sulfur compounds are a suitable a minimum of faulty materials. 
jointing material in the situation in effect of environment upon the con- 
Louis County. Although jointing — stituents in sulfur jointing compounds, 
compound failures have occurred, their therefore, seems to be the most impor- 
number has not been serious. It is not tant factor in the joint failures experi- 
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ap contribution to the 
teal Chemistry, Univ. of Wisconsin, 

N a recent article (1) Abel Wolman 

raises the question, “Should public 
water supplies be used for mass medi- 
cation?’ Wolman very ably discusses 
the various kinds of chemicals used in 
water treatment and arrives at the 
valid conclusion that “the exact physi- 
ological effects of each of these have 
not been worked out in laboratory de- 
tail. The results, however, of 
such use of chemicals certainly seem 
favorable.” Wolman then goes into a 
discussion of the word “medication,” 
which he chose to include as a part of 
his topic. Chemicals such as fluorides 
and iodides, normally present in some 
waters but not in others, are, by his 
definition, apparently to be classed as 
medicaments when added to the water, 
but if naturally present are not to be 
so classed. When the vitamin-D con- 
tent of milk is increased by irradia- 
tion, one would conclude that the milk 
was medicated by the process. Cer- 
tainly it should be so considered, 
if Wolman’s usage is to be followed, 
when the amount of this vitamin is 
raised by the addition of concentrates. 
Enriched flour would fall into the same 
category of medicated foods. 

In the author’s opinion, if an acces- 
sory factor is added to a diet, either by 
the manufacturer or the consumer, the 
correct word to be used is “supple- 
mentation,’ or—if a still more attrac- 
tive term is desired—the 


richment” might be borrowed from 


mass 


word “en- 


Supplementing Water Supplies With Fluorine 
> By M. Starr Nichols 


Journal by M. Starr 


Madison, 


Nichols, Prof. of San. 
Wis. 


the flour manufacturers’ vocabulary. 
Thus, fluorides are naturally 
present in certain waters and perform 
some function in the prevention of 
dental caries, they are not, at least in 


since 


natural waters, medicaments. These 
fluorides, when present in proper 
amounts, appear to perform part of 


the function formerly ascribed solely to 
calcium and phosphorus in the build- 
ing of a sound, resistant tooth. If 
this is true, the addition of fluorine 
compounds to waters deficient in that 
element is simply supplementation and 
falls in the same category as any food 
supplement, whether it be a vitamin 
added to milk or minerals, such as 
iron, added to flour. 

Wolman very clearly points out the 
advantages of natura! fluoride-contain- 
ing waters in the reduction of dental 
caries rates. He raises the question, 
however, whether water supplemented 
with fluorides will accomplish the same 
reduction in caries as is effected by 
waters containing fluorides naturally. 
Fluorine when naturally present in 
waters in a dilution of 1.0 ppm. exists 
as the “fluoride ion.” Any fluoride 
added to a water in like concentration 
would also be present in the form of 
fluoride ions. The chemical identity 
of the fluoride whether naturally pres- 
ent or artificially added is unques- 
tionable. 

It is true that excessive fluorides in 


water can cause mottled enamel, and 
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some cities using such waters must 
reduce their fluoride content. The in- 
cidence of dental caries varies inversely 
with the fluoride content only up to 
approximately 3 ppm. As the fluoride 
content increases above this amount, 
so will tooth defects increase. Experi- 
ence at Grand Rapids, Mich., New- 
burgh, N.Y., Sheboygan, Wis., and 
Evanston, Ill., have proved that fluo- 
rides can be added accurately, econom- 
ically and safely. 

Wolman gives a rather dark picture 
concerning the attitude of informed 
authorities on the supplementation of 
waters deficient in fluorides. In Madi- 
son, Wis., 103 out of 106 dentists 
asked the Common Council to vote 
that the city supplement the water by 
the addition of fluorides. On the medi- 
cal side, 154 out of 180 physicians in 
that city made the same request. Mad- 
ison is adding fluoride ion in the form 
of hydrofluoric acid. 

The author can heartily agree with 
Wolman: and the Council of Dental 
Therapeutics of the American Dental 
Assn. concerning synthetic fluoride 
tablets. In the author’s estimation, 
a bottle of sodium fluoride tablets, 
nicely flavored like peppermint candy, 
is a decided hazard to children in a 
home. Furthermore, supplementation 
over a period of fifteen years in this 
manner would be an arduous task for 
parents, and such a program would 
not reach all children. 

As to cumulative effects, a compari- 
son of vital statistics for Green Bay, 
Wis. (fluoride content of water 2.3 
ppm.), and Sheboygan, Wis. (fluoride 
content 0.05 ppm.), both cities with a 
population of about 40,000, showed no 
significant differences in death rates 
for the major causes of death. These 
include deaths heart 
cancer, cerebral hemorrhage, nephritis, 


disease, 


M. STARR NICHOLS 
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pneumonia, diabetes, tuberculosis, jn- 
fluenza, appendicitis and stillbirth, 
Green Bay has been using this natura] 
fluoride-bearing water for about 40 
years. The comparison was made for 
a recent five-year period before She- 
boygan began supplementing its water, 

The author is in agreement with 
Wolman on his guiding “Principles” 
3 and 4, but not on 1 and 2.* Results 
of “experiments” at cities now prac- 
ticing fluorination will be little more 
conclusive than the mass of data on 
waters containing 1 or 1.5 ppm. of 
fluorides which has already been ac- 
cumulated during the past half century 
and is now being studied. While wait- 
ing for this fragment of supplementary 
data, a generation of children will grow 
up with carious teeth and will later be 
wearing dentures. At that time their 


*As set forth by Wolman (1), these 
principles read: 

Principle 1. Until the periods of controlled 
experimentation on water have fully elapsed 
and the findings on those procedures and 
their effect upon the exposed population have 
been authoritatively reviewed and assayed by 
competent medical, dental and public health 
professionals, the water works official should 
avoid the use of the public water supply for 
medication. 

Principle 2. Even at that time, practices 
for treating the diseases of the people in 
ways other than through the community 
water supply should be thoroughly evaluated 
from the professional and the economic 
standpoints. In general, such alternative 
practices, inherently more specific in their 
nature, are to be preferred. 

Principle 3. Universal application of 
chemicals to water for medication should 
be predicated upon substantial unanimity of 
opinion by official medical and public health 
agencies on the efficacy of the treatment 
proposed. 

Principle 4. A natural prerequisite to any 
procedure for mass medication through the 
public water supply is complete concurrence 
between the officials of the water department 
and those of the health department. 
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teeth will be beyond any reclamation 
by science. Principle 2 holds out a 
forlorn hope that some other means of 
supplementing the deficient fluoride 
intake may be found. The addition 
of fluorides to flour, milk, salt or other 
common articles of diet has been con- 
templated, but no method thus far 
seems so safe, adequate and economi- 
cal as the fluorination of water—safe, 
because not enough water containing 1 
ppm. of fluoride could be drunk to 
cause the least harmful effect; ade- 
quate, because every child, regardless 
of social, educational or economic sta- 
tus, would be able to benefit without 
effort on the part of his parents; 
economical, because it costs only about 
10¢ per person a year. 

There are, of course, many prob- 
lems presented by dental caries. The 
supplementation of a water supply with 
an element in which it is deficient is 
in reality a dietary matter and only a 
part of the entire program. It is 
equally important that the food intake 
be adequate as to quality, quantity, 
and calcium, phosphorus and vitamin 
content. Reasonable dental care will 
also be necessary. Scientific surveys 
have definitely shown that the omission 
of one link in this chain of protection 
—the proper intake of fluorides 


ad . pro- tion? Jour, A.W.W.A., 39:834 (Sept. 
duces conditions favorable to a ram- 1947). 
H. Trendley Dean the point of view of the seiilcliniiil 
Dental Director, U.S. Public Health results. 


Bethesda, Md. 


M. Starr Nichols’ paper on the 
fuorination of domestic water supplies 
would be interesting even if the ques- 
tion of nomenclature were not included. 
For whether the fluorination of water 
is called “medication” or ‘‘supplemen- 
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tation” is not of vital importance from 
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pant dental caries rate, such as is 
found in all cities so far surveyed 
which serve water deficient i in fluorides. 


The probable advantages of ‘eae 
fluorides to waters low in fluoride 
content should be considered with the 
known disadvantages of failing to do 
so. There seems to be no valid reason 
why waters low in fluorides should not 
be supplemented to the safe level of 
1.0-1.2 ppm. Pregnant women need 
the substance for the development of 
the anlage of temporary teeth in the 
fetus; young children need it to con- 
struct resistant temporary teeth so that 
malocclusion of the permanent teeth 
will be prevented; and finally, fluorine 
is necessary for the proper construc- 
tion of permanent teeth for life. The 
supplementation of drinking waters de- 
ficient in fluorides for mass protection 
against dental caries is an advance in 
public health practice second only to 


the control of enteric fevers by water 
chlorination. 

Reference - 9 
1. Wotman, Apert. Should Public Water 
Supplies Be Used for Mass Medica- 


Nichols states that he 
Wolman’s 


but not with 1 


agrees with 
guiding Principles 3 and 4, 
The 
with Wolman also 
in Principle 1 (see footnote, page 752). 


and 2 writer is 


inclined to concur 
Acceptance of Principle 1 would not, 
of course, preclude communities from 
initiating carefully controlled fluorina- 


M. 


tion studies, provided the experiments 
are planned in a manner which will 
permit the interpretation and evalua- 
tion of the subsequent results. 

In fact, it would be highly desirable 
to have a number of additional fluo- 
rination in different states. 
These experiments should be so distrib- 
uted geographically as to provide spe- 
cific information relative to the optimal 
concentration of fluorine needed under 
particular climatological conditions. It 
is quite possible that more than 1 ppm. 
might be required areas having a 
low mean annual temperature, such as 
the Dakotas, while 0.5-0.6 ppm. might 
suffice where climatological conditions 
are reversed, as in the deep South or 
the Southwest. 

Nichols’ statement concerning the 
chemical identity of fluorides naturally 
present in water and those artificially 
added would seem to be supported by 
the recent studies of McClure and his 
associates (1). These workers re- 
ported no essential differences between 
using Galesburg, Ill., domestic water 
(fluorine content 1.8-1.9 ppm.) and 
Urbana, IIl., water (fluorine content 
0.3 ppm.) built up to a comparable 


studies 


concentration by the addition of so- 
dium fluoride, 
ie 


= 
ig 


STARR NICHOLS Jour. AWWA 
The accumulated knowledge at pres. 


ent suggests that the observed fluoride. 
dental caries relationship may be cop. 
verted into a practical method of mas 
control of caries. The final direg 
proof, however, will be obtained whep 
the results of the present experimental 
studies are completed. 

As pointed out previously, however 
the of the optimal fluori¢ 
concentration for a given geographica 
still further investiga. 

Additional controlled  fluorina 
tion studies, properly distributed geo. 
graphically, would give direct proof oy 
such points as (1) the effectiveness ¢ 
fluorine, (2) the optimal fluoride con 
centration for different geographicd 
areas and (3) the possible influence 
on the fluoride potency, of other chem, 
ical constituents of natural waters, in, 
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affect the action of fluoride on th 
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1. McCrure, F. J., eT AL. 
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HE observation of the amount of 

heat the sun sends the earth,” 
wrote 5. P. Langley (1), “is among 
the most important and difficult in as- 
tronomical physics. It may be 
termed the fundamental problem of 
meteorology, nearly all [of] whose 
phenomena would become predictable, 
if we knew both the original amount 
and kind of this heat ; how it affects the 
constituents of the atmosphere on its 
passage earthward; how much of it 
reaches the soil; how, through the aid 
of the atmosphere, it maintains the 
surface temperature of this planet ; and 
how, in diminished quantity and al- 
tered kind, it is finally returned to 
outer space.” 

For 45 years the Smithsonian Astro- 
physical Observatory has been check- 
ing solar radiation (2). The heat in 
the sun’s rays has been measured not 
only at the ground, but also as it would 


also 


be if the observer could be in free 
space at the earth’s mean distance 
from the sun. The result obtained is 


called the solar constant of radiation 
and is expressed in the heat unit, the 
small calorie. The average value is 
1.94 calories per square centimeter per 
minute, although at different times the 
solar radiation may be 1 per cent above 
or below that figure. 

Instruments were invented and new 
methods perfected. Beginning at 


Washington, D.C., the work was trans- 
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The Sun ond Precipitation 
By C. G. Abbot 


20, 1947, 
Abbot, 


at the Four States Section Meet- 
Research Assoc., Smithsonian 


ferred to Mt. Wilson, Calif., then to 
Mt. Whitney, Calif., and then across 
the Atlantic to Bassour, Algeria. By 
1915 so much evidence had been col- 
lected that H. H. Clayton, Chief Fore- 
caster of Argentina, was able to show 
in an extremely significant paper (3) 
that the sun’s variation is a major ele- 
ment in weather. Theretofore obser- 
vations had been sporadic; they had 
taken place only in the summer and 
autumn, and not daily. Clayton’s pa- 
per was so impressive, however, that 
observation stations were established 
throughout the world to measure the 
sun’s radiation on every favorable day. 

The Smithsonian Institution now has 
on file (4, 5) over a quarter century 
of daily records of the sun’s radiation 
as it would be if observed at mean 
solar distance in space. These 
records show variations, seldom ex- 
ceeding one per cent, in the sun’s out- 
put of rays that warm the earth. But 
the sun’s rays comprise many frequen- 
There are some beyond the violet 
and some below the of the spec- 
trum that the eye cannot see at all. 
These rays show great dissimilarity in 


their changes of intensity. — 
Ozone and Weather 

The ultraviolet rays of the 
though feeble, are highly important and 
very variable. Oxygen in the form of 
ozone exists in the higher atmosphere, 
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although in a quantity so small that, 
if brought down to sea-level pressures, 
the ozone layer would be only as thick 
as a sheet of cardboard. But it is in- 
dispensable. This ozone layer totally 
extinguishes all rays from the sun 
shorter than 2,900 A. If it did not, 
vegetation and animal life would per- 
ish. One would be burned by those 
extreme ultraviolet f 


Fic; 1, 


moment than by a whole day's expo- 
sure at the seashore. 

The high-level atmospheric ozone is 
made from the oxygen of the air by 
the extreme ultraviolet sun rays, which 
ozone and oxygen cut off from coming 
to sea level. The amount of atmos- 
pheric ozone varies nearly 50 per cent 
from time to time. These ozone varia- 
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tions are believed to be caused by ex. 
treme variations of the sun rays jp 
that unobservable region of the spee. 
trum. From indirect evidence, phygi- 
cists estimate that the sun rays in this 
very short wave spectral region vary 
by several hundred per cent (6). 
Smithsonian measurements cannot, oj 
course, reach this extreme ultraviolet 


regi that enormoy; 


Sunspots 


percentage changes in the sun’s s output 
occur there tends to be confirmed, be- 
cause about six times as great a solar 
variation is found in the ultraviolet 
rays as in the sun’s heat as a whole 

Ozone is believed to be an impor 
tant weather element in a way whic 
deserves further investigation. Be 
cause the earth _cools itself by radiat- 
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ing long-wave rays to outer space, its 
temperature is maintained by a balance 
between the heat received from the sun 
and the heat lost by the earth in these 
invisible long-wave rays. Water vapor 
and carbon dioxide in the air cut off 
most of the long-wave rays emitted by 
the earth’s surface, so that the princi- 
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10N 757 
varies with the large changes in the 
sun’s radiation in the extreme ultra- 
violet region, the absorption in this 
long-wave ozone band changes greatly, 
and thus exerts a major influence upon 
weather. The Smithsonian Institu- 
tion is preparing to observe this in- 
frared absorption of ozone regularly, 
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pal cooling surfaces of the planet are 
the clouds in the atmosphere. But 
there is a stretch of the spectrum, at 
about 10 wave length, where the 
earth’s surface would radiate freely to 
outer space if it were not for an ab- 
sorption band of atmospheric ozone 
there. This band has an average ab- 
sorptive power of approximately 50 
per cent (7). 

There is every reason to believe that 
as the quantity of atmospheric ozone 


ron Levels, 1837-1941 


but as yet, unfortunately, there have 


There is another way in which the 
sun may affect weather. The year 
1947 has witnessed the greatest dis- 
play of sunspots for nearly two cen- 
turies. (Figure 1 is a solar photo- 
graph taken March 11, 1947, at Mt. 
Wilson.) Indeed, perhaps never has 
the sunspot activity been so great. 


been no such observations. 


Sunspots 
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Sunspots are whirling tornadoes in the 
sun, which are sometimes big enough 
to swallow up much more than the 
whole earth. Streams of matter fly 
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produce magnetic storms that even jn- 
terrupt wire communication, and give 
rise to displays of northern lights, 
There sometimes appears to be a de 
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hour, and they are strongly magnetic. 

From sunspots are shot out streams 

of electrified particles. When these 

reach the earth’s atmosphere in pro- 

fusion, they alter radio transmission, 
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about them at millions of miles per cided effect on ‘the sun’s heat. One 


can suppose that a stream of these 
minute electric particles, 93,000,000 
miles long, might very well produce 
some obstruction to sun rays. On 


March 20, 1920, an enormous sunspot 
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group passed directly through the cen- 
ter of the sun’s visible disk. There was 
a tremendous magnetic storm, and the 
Smithsonian measurements showed 
depression of the sun’s radiation 
about 2 per cent. 

It is not improbable that sunspots 
are causing the succession of dangerous 
hurricanes which have lately occurred. 
Not all great central sunspots cause 
such large terrestrial disturbances. On 
the other hand, sometimes great mag- 


of 
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eleven-year cycle of sunspots is the 
cause of changes in temperature, rain- 
fall, crop yields and market values and 
of social disturbances leading to revo- 
lutions and wars. The testimony 
confusing, but on the whole tends to 
support such views (8). 

Two kinds of changes in the sun, 
therefore, are factors in weather and 
precipitation: (1) the variation of the 
sun’s output of radiation to warm the 
earth and (2) the variation of sun- 
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netic storms occur when a large sun- 
spot group is visible, but not close to 
the center of the sun. As has been 
remarked, the sunspots are perhaps 
more like shotguns than like rifles. 
They scatter their fire and thus do not 
have to point squarely towards the 
earth to hit it. 

Sunspots have a rhythm in their 
appearance. They are numerous at 
intervals about eleven years apart. 
Between these maximums of appear- 
ance there are minimums when almost 
no sunspots occur for months. In the 
eighteenth century, indeed, many years 
passed without any sunspots appearing 
at all. Numerous investigations have 
attempted to determine whether the 
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spots and their ionic bombardment of 
the earth. 


Periodic Solar Changes 


It appears that there are many fixed 
periodicities of variation in the sun’s 
output of radiation (6, 9-11). There 
is a regular period of 6.6456 days, re- 
curring either four or five times every 
month. On the average, the change. in 
percentage in the solar output is very 
small, but the associated weather ef- 
fects on the earth are considerable. 
Changes from 2° to 20°F. in the tem- 
perature of Washington and other cities 
(such as St. Louis and Helena, Mont.) 
have been shown to be associated 
variation. It also 
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affects precipitation to average 
extent of nearly 100 per cent. 

Moreover, the 27-day rotation pe- 
riod of the sun also causes a slight 
average change in solar radiation. 
Based on this 27-day cycle the author 
has for some time been publishing in 
January a forecast for the year of dates 
when it is likely to rain in Washington 
(12). For thirteen years the average 
precipitation on these preferred days 
has been 1.5 times as great as the 
average on all other days. Of the 
first 9 months of 1947, six have been 
favorable to the predictions, the ratio 
in the author’s favor being 1.17 through 
September 1947. 

A number of long-range regular 
periodicities in solar variation exist 
(6) ; in months, these are: 84, 93, 114, 
114, 16, 224, 304, 34, 393, 543, 68, 
91 and 273. All of these periodicities 
are nearly integral fractions of the 
master period of 273 months. There 
is only slight evidence from observa- 
tions that the half period, or 136 
months, which is the famous sunspot 
cycle, exists as a regular periodicity 
in the sun’s output of radiation. As 
: previously stated, the sunspots express 
: themselves in another way, which will 
be discussed below. 


Long-Range Predictions 


The double and quadruple of the 
master period of 273 months—that is, 
45 and 91 years—appear to have a 
powerful effect on precipitation (13). 
= Figure 2 shows that the level of Lake 
Huron fell 5 ft. after 1837 and again 
O68 after 1929, and nearly as much after 
a 1882. The 273-month period is also 
visible in the changing level of Lake 
Huron, but not so strongly. On this 
evidence the author has ventured to 
7 predict (13) that there will be rather 
dry years after. 1952, and great 


G. ABBOT Jour. AWWa4 


droughts in the northwest after 19g 
and 2020, like that which came to ryjip 
farmers after 1929. Figure 3 show, 
how great a similarity occurred in the 
precipitation of Bismarck, N.D., a 
intervals of 46 years. 

For some localities one can predic 
with a considerable measure of suc. 
cess by means of the master period of 
273 months. This is demonstrated by 
the precipitation cycle of Peoria, Ill, 
which repeats at intervals of 23 years, 
Some years ago the author was asked 
to predict for three months, November 
to January, the precipitation in the 
Tennessee Valley. A study of the 23. 
year cycles for ten cities indicated that 
the average for the three months for 
the region would be from 84 to 87 per 
cent of normal. It proved to be within 
those limits. 

During the late war the author esti- 
mated by this method the probable 
rainfall in seven regions of the United 
States, three years in adyance, for of- 
ficers of the Corps of Engineers. Ac- 
cording to them, there was a fair per- 
centage of success in these predictions 
but the author has not personally veri- 
fied the results. 

A more exact method of prediction 
is to find the terrestrial effect of each 
one of the thirteen periodicities in solar 
variation, by a study of many years of 
past records. Figure 4+ shows a pre 
diction, made some years ago by this 
method, for the precipitation of Peoria 
Ill. The average effect of each of thes 
periodicities on the precipitation @ 
Peoria from 1856 to 1929 was found 
and these effects were then averaged 
to make a prediction from 1930 to 


1945. As Fig. 4 shows, a farmer: 


armed with these predictions woul 
have had much more precise informe 
tion than one who knew only the rait- 
fall averages for many years. This 


July 1 


meth 
well ¢ 
It see 
earth 
these 
distor 
in th 
gagec 
vario1 
why 1 


Suns] 


Ma 
cause 
intere 
son’s 
beyon 
comm 
Stetsc 
sunsp 
econo 
tistica 
effect 
on 
(14) 
tempe 
spots 
the av 
sociat 
not e> 
whose 
rings 
south 
extent 
that tl 


does : 
variat 
show 

cycle. 


1600 y 
11630 1 
Euroy 
last 
also d 
rings 


nber 

the 
» 23. 
that 


for 
j 


per 
ithin 


esti: 
nited 
r of- 

Ac 
per: 
ions 
veri- 


ction 
each 
solar 
rs of 
pre- 
this 
Orla, 
these 
n o 
yund, 
‘aged 
10 te 
rmet 
vould 
rait- 


July 1948 SUN AN 

method of using periodicities works 
well on some stations but not on others. 
It seems that the complexities of the 
earth’s surface and atmosphere mask 
these solar effects at many stations, or 
distort them too much to be unraveled 
in this way. The author is now en- 
gaged in trying out this method for 


.|yarious stations and hopes to discover 


why it sometimes fails. oe 
Sunspots and Weather 


Many people ask if sunspots do -not 
cause great weather changes. Those 
interested should consult H. T. Stet- 
son’s recent book (7), which shows 
beyond question how greatly radio 
communication is affected by sunspots. 
Stetson also takes up the relations of 
sunspots to weather, living things, 
economic cycles and so on. Much sta- 
tistical research has been done on the 
effect of the eleven-year sunspot cycle 
on weather elements. W. Koppen 
(14) found definite evidences of higher 
temperatures at times of minimum sun- 
spots than at times of maximum, but 
the average temperature difference as- 
sociated with the eleven-year cycle did 
not exceed 1°F. A. E. Douglas (15), 
whose epoch-making studies of tree 
rings provide a chronology for the 
southwestern part of the United States 
extending back some 3,000 years, finds 
that the double sunspot cycle of nearly 
23 years “has persisted in Arizona for 
600 years, with an interruption from 
1630 to about 1850, and in some north 
European localities it shows for the 
last century and a half.” Douglas 
also detects the 11.3-year cycle in tree 
tings at various intervals lasting a cen- 
tury or more at a time. This evidence 
does not give quantitative data as to 
variations of precipitation, but does 
show that it varies with the 11-year 


Thiyycle. The late H. H. Clayton did an 


N AND PRECIPITATION 


enormous amount of statistical investi- 
gation of weather (16, 17), much of 
which was published by the Smith- 
sonian Institution in its Miscellaneous 
Collections from 1917 to 1946. Stet- 
son summarizes Clayton’s precipitation 
results thus: 


Clayton mapped the world into regions 
which show greater rainfall when sun- 
spots are most numerous, and regions 
where rainfall is actually deficient at sun- 
spot maxima. While the North Atlantic 
Ocean shows 10 per cent to 20 per cent 
more precipitation in years of greater. 
sunspots, the eastern half of the United 
States is the region where the rainfall is 
actually less during maximum 

on the sun. 


To see whether this statement is 
borne out in actuality, the rainfall for 
the first nine months of 1947 at Wash- 
ington may be examined. Sunspots 
were bigger and more plentiful that 
year than at any time for nearly two 
centuries. The normal rainfall at 
Washington, from January to Sep- 
tember, is 34.9 in.; the 1947 rainfall 
for the same period was 34.2 in. It 
seems pretty clear from this compari- 
son that water engineers could hardly 
count with certainty on statistical av- 
erages to give forecasts for individual 
localities and times. 


Summary 


It has been demonstrated that varia- 
tions of the sun’s radiation and of sun- 
spots occur. Both show periodic fluc- 
tuations. Both affect weather on the 
earth. The variations of solar radia- 
tion are major causes of weather 
changes, producing large departures 
from the normal in temperature and 
precipitation. For some stations these 
effects are, to some degree, predict- 
able far in advance. For other sta- 
tions, the effects are so confused by 


| — 


_ the complexities of the atmosphere and 
the earth’s surface as to be thus far 
unpredictable. Rough predictions from 

273-month cycle have shown consid- 
erable success for some stations but 

not for all localities. Detailed statis- 
tical forecasts for years in advance have 
given excellent results at some stations — 
but are very tedious. 

_ Sunspots are a major factor in radio 
communication and are closely asso- 
ciated with other terrestrial phenom- 
ena. They do not appear to be major 
weather elements, though hurricanes 

_ may be associated with them. Never- 
theless their weather effects are not 
negligible and may be larger than is 
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of the theories advanced by C. G. Ab 
“wil Engineer, Havana, Cuba, in a p 


entitled “Forty Years of Successful Checking of Droughts in Cuba With the Sunspi 


the Cuban and Florida Sections. On th 


basis of the 9.93-year cycle, which Montoulieu had observed was dominant in C 
he predicted the 1938 drought a year in advance and recommended some import 
water supply construction in 1937 to forestall its effects. The drought arrived 
schedule, but the construction had been completed and saved the day for the enterpri 
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N the design of water works, data on 
rainfall intensities for periods of 
time of 30 minutes or less are not as 
important as in sewage plant construc- 
tion, but durations of one or more 
hours come within the time of con- 
centration encountered in practice in 
small drainage areas. Spillways for 
dams and pipeline crossings of drain- 


i Rainfall Intensities in Havana 
By Luis Radelat 


A paper presented on Nov. 21, 1947, at the Joint Meeting of the Cuban 
and Florida Sections, St. Petersburg, Fla., by Luis Radelat, Engr. i 
Sanitation Works, Public Health Dept., 


Havana, Cuba. 


age channels are examples of situations 
confronting water engineers in which 
rainfall intensity is significant. 

In Table 1 and Fig. 1 are shown the 
maximum rainfall intensities for 50- 
360 minutes in the city of Havana over 
a 2l-year period, as recorded by the 
Cuban National Observatory. On the 
graph in Fig. 1 the intensities for the 
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1926 West Indian hurricane have also 
been plotted, to illustrate what must be 
anticipated at earth dam spillways. In 
addition, the graph includes the maxi- 
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ords covering a period of 20 years or 
more. 

As is well known, thunderstorms 
produce the greatest intensities for 


mum intensities for 7-60 minutes ob- short lengths of time. It appears that 
served during 26 years at the Belen periods of 25-35 minutes’ duration 
Maximum Rainfall Intensities for 21- Year Period 
Rainfall 
Years per Time—minutes 
a Occurrence Unit 
| 
50 70 100 120 240 300 360 
21 in. 2.52 2.52 2.52 2.85 2.85 3.14 3.14 
i. in./hr. 3.02 | 2.16 1.51 | 1.42 0.71 | 0.62 0.28 
‘ 103 in 2.24 2.24 2.24 2.24 2.24 2.26 2.26 
in./hr. 2.69 1.92 1.34 1.42 0.56 0.45 0.39 
7 in mK 1.50 1.56 1.80 1.80 1.80 1.80 
in./hr. 1.60 1.28 0.93 0.90 0.45 0.36 0.30 
5} in 1.30 1.48 1.48 1.69 1.69 1.69 1.70 
in./hr. 1.56 1.27 0.89 0.84 0.42 0.34 0.28 
44 in. 1.27 1.27 1.42 1.42 | 1.42 1.69 
in./hr 1.52 1.09 0.89 0.71 0.35 
34 in. 1.20 1.26 1.26 1.32 a 
in./hr. 1.44 08 0.76 0.66 fr 
3 in. 1.43 1.19 1.19 1 4 
in./hr. 1.36 02 0.71 5 - 
23 in. 1.12 1.12 1.12 1.15 Re 
in./hr. 1.34 0.96 0.67 0.57 | 
24 in. 0.98 1.03 1.03 1.03 on 
in./hr. 1.17 0.91 0.62 0.51 
25 in. 0.94 | 0.94 | 0.94 1.02 [| 
in./hbr. 0.80 0.56 0.51 | 


College Observatory, located approxi- 
mately two miles from the National 
Observatory. It is interesting to note 
the change in slope of the 21-year line 
around the 30-minute point, which is 
characteristic of rainfall intensity rec- 


mark the limits in which Cuban tropi- 
cal thunderstorms provide the highest 
precipitation, except in rare instances 
along the northern coast, when one of 
these storms follows closely on the 
track of another. The turning point 
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may then occur at the end of an hour 
er more. No such coincidence has 
heen recorded at Havana, but it can be 
observed in the eight-year record for 
the inland cities of Camaguey; the 
change of slope took place at the 60- 
minute point. The intensities for pe- 
riods of less than one hour are com- 
paratively small in Havana. The West 
Indian hurricane of 1926 gave intensi- 
ties which slope down, following the 
thunderstorm line (7 to 30 minutes) 
reasonably well for two hours. 

It is the author’s contention that 
rainfall in Cuba is caused by storms 
of three different types which cannot 
well be brought together on coordinate 
paper to constitute a homogeneous rec- 
ord. The 1926 hurricane has been ex- 
cluded from the 21-year tabulation of 
maximum intensities, because it is felt 
that a separate and distinct record 
should be maintained for West Indian 
hurricanes. From the graph it can be 
seen that, if there is a law governing 
normal rainfall intensities, it is not ap- 
plicable to West Indian hurricanes and 
to storms of the same duration as those 
included in the table. The latter are 
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the high-pressure storms that sweep 
the United States from the Pacific to 
the Atlantic in late autumn and win- 
ter. West Indian hurricanes, on the 
other hand, are low-pressure phenom- 
ena. 

Records of rainfall intensities in 
tropical countries covering 20 years 
or more are scarce; the data contained 
in this paper are offered as an addition 
to the existing information. 

In closing, attention should be called 
to the possible effects on earth dams 
of the extreme intensity values of the 
1926 West Indian hurricane. If this 
huricane had not struck Havana, the 
maximum rainfall intensity recorded 
for the period of its duration (five 
hours) would have been 0.62 in. per 
hour, or a total of 3.10 for the entire 
five hours. The intensity of the 1926 
hurricane was 2.80 in. per hour and 
the total rainfall was 14.00 in. If the 
spillway of an earth dam had been 
built with an allowance of 100 per 
cent over the maximum observed rain- 
fall of 3.10 in., the effects of the hurri- 
cane would have been calamitous. 
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A paper presented on April 16, 1948, at the California Section Meet- 
: ing, San Jose, Calif., by Oswald A. Gierlich, City Engr. and Water 


Supt., Manhattan Beach, Calif. 


HE southwestern portion of the 

United States is in the midst of 
the greatest drought in history, follow- 
ing seven years of drastic shortage of 
critical materials and manpower. This 
condition is due to the war and the 
postwar building boom, coupled with 
the unprecedented influx of population 
and industries into the western coastal 
states, especially in the southwest sec- 
tion of California. Many of the com- 
munities in that state have had a 100- 
200 per cent increase in population 
during this period. The city of Man- 
hattan Beach, for example, increased 
in population from 7,960 in 1940 to 
9,300 in 1944, with an estimated total 
at present of over 16,000. Many com- 
munities throughout the southwest 
have been faced with sudden and criti- 
cal water shortages. The reasons for 
these shortages differ in the various 
areas and communities, depending upon 
the source of water supply and the 
types of water use—industrial, irriga- 
tional, domestic or a combination of 
these. 

Although the compilation of reports 
from numerous communities having 
critical water shortages and requiring 
rigid restrictions is not complete, the 
responses of those community officials 
questioned provide a very fair cross 
section. The remainder of this paper 
will be devoted to summarizing the 


Meeting the Southwestern Water Shortage © 
By Oswald A. Gierlich 


local problems encountered and_ the 
methods adopted to meet the emer- 
gencies. 


San Diego, Calif. 


F. A. Rhodes, City Manager, states 
that at the present time the water sup- 
ply of San Diego is not in a serious 
condition and no restrictions on use are 
necessary. An educational program is 
under way, however, urging consum- 
ers to eliminate water waste. If re- 
strictions become necessary, the first 
regulations imposed will limit the hours 
and days of irrigation, particularly of 
lawns and gardens. In 1941 the city 
passed Ordinance 2197 N.S., estab- 
lishing emergency regulations for the 
use of water in the event of a possible 
shortage. ~The ordinance authorizes 
the City Manager to “declare that a 
water shortage emergency exists in 
any and/or all parts of the City of 
San Diego, and upon such determina- 
tion, to promulgate such regulations, 
rules and conditions relative to the 
time of using water, the purpose or 
purposes for which it may be used, 
and such other necessary limitations 
as will, in his opinion, relieve the 
water shortage in any such section 
or sections of the City.” <A _ penalty 


clause provides a fine of not more than 
$500 or six months’ imprisonment, or 


both. 
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Fresno, Calif. 

Claude H. Weekes, Fresno Water 
Superintendent, advises that up to the 
present there has been no critical wa- 
ter shortage. The radio and press, 
however, are warning consumers of 
probable shortages in the summer of 
1948 and are appealing to them to aid 
in reducing power consumption in ac- 
cordance with the State Utilities Com- 
mission curtailment program. In the 
event of an emergency, Weekes pro- 
poses to permit irrigation at even- 
numbered houses on even days of the 
month and at odd-numbered houses 
on odd days, thereby making it easier 
for the consumers and water inspectors 
to maintain a schedule. By so doing, 
it is expected to decrease the daily 
irrigation load by 50 per cent. 
Pasadena, Calif. 

According to Morris S. Jones, Chief 
Engineer and General Manager of the 
Pasadena Water Dept., the only time 
it was necessary to resort to restricted 
use of water in Pasadena was in 1924. 
On that occasion the sprinkling of 
lawns and the watering of ornamental 
shrubbery was limited to the period 
between 8 a.M. and + p.m. This re- 
striction, as shown by production rec- 
ords, did not result in a great saving 
of water, because evidently the usual 
amount of water was consumed in the 
hours permitted. 


Vista (Calif.) Irrigation District 

H. H. Yackey, Manager, Vista Ir- 
rigation Dist., San Diego County, has 
set forth six considerations in the 
rationing of water: 

1. Each taxpayer should be entitled 
to an amount of water proportional to 
the taxes paid. (This requirement is 
included in the Vista Irrigation Dist. 


laws. ) 
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2. It is essential that the amount of 
water allowed each consumer be deter- 
mined before further plans are made. 

3. Water rates should start low and 
rise as the quantity increases rather 
than the reverse. 

4. The charge for meter service 
should be a flat rate, without free wa- 
ter allowance and in proportion to the 
size of the meter, the larger meter 
paying a higher meter charge. 

5. Where the supply is limited by 
well capacity, pipeline facilities or dis- 
tribution problems that are affected by 
peak loads in certain summer months, 
the water to be used in any monthly, 
weekly or daily period should be lim- 
ited in such a way as to encourage use 
in the period prior to the peak demand. 

6. In irrigation use, an attempt 
should be made to avoid peaks by 
scheduling the use of water by each 
consumer beforehand. In cities it may 
be necessary to require the odd-num- 
bered houses to irrigate lawns in the 
mornings and the even-numbered in 
the afternoon, or to employ some simi- 


lar method. ese! 


Fallbrook District, Calif.§ 

George F. Yackey, General Man- 
ager and Engineer of the Fallbrook 
Public Utility Dist., reports that, al- 
though in the past curtailment and 
rationing have been resorted to, there 
is a general tendency for consumers to 
increase rather than decrease water 
use. A year-round educational pro- 
gram has been found more effective in 
leveling off the peak demand curve. 
The problem in the district is prima- 
rily seasonal and can be met by en- 
couraging private well owners to use 
water from the district mains during 
low demand periods, thus conserving 
well water for use during the summer 
peaks. The most successful method 


| 

| | 
—— 


for curtailment, it seems, is to divide 
the irrigation districts into approxi- 
mate halves, permitting each half to 
use water 34 days a week. Emphasis 
is again placed on the value of a care- 
ful educational and public relations 
program for obtaining the best results. 

In August 1946 the district distrib- 
uted a communication to all consumers 
explaining the plan and requesting co- 
operation in voluntarily reducing by 
20 per cent all domestic and irrigation 
water use. Lawns and ornamental 
plantings were to be irrigated only 
between the hours of 6 p.m. and 8 a.M., 
and even then as little as possible. 
The Winterwarm Mutual Water Co. 
was to cease all irrigating between 8 
A.M.andnoon. Users of high-pressure 
lines, as notified by the General Man- 
ager, were not to irrigate between the 
hours of noon and 5 p.m. All irriga- 
tion booster pumps taking water di- 
rectly from the district lines were to 
be disconnected and arrangements 
made by the individuals concerned with 
the General Manager as to when the 
changes must be completed. 

The response to this communication 
was so effective that, within two weeks, 
the restrictions were materially re- 


duced. 


Central Arizona 


Under the headline “Economy of 
Central Arizona Threatened,” a Phoe- 
nix, Ariz., newspaper (1) has stated: 
“Prospects for 1949 are even more 
alarming. Unless some unforeseeable 
‘miracle’ replenishes the reservoirs 
after seven continuous years of below- 
normal runoff, the [district] will go 
into next year with empty reservoirs. 
This threat carries with it a ‘definite 
possibility,’ according to experts, that 
agricultural production in the [Salt 


GIERLICH Jour. 
River] valley could be cut as much as 
50 per cent a year hence. 

“The continued lack of water has 
brought a new crisis to the [Sak 
River Valley Water Users] Associa. 
tion’s overburdened power system, 
which, O. L. (Tex) Norman, General 
Manager, told a Chandler audience 
recently, suffered a $2,000,000 logs 
last year.” 

There was no mention made of a 
plan for q 
Ventura, Calif. 

Hugh M. Wood, Ventura Water 
Superintendent, reports that in the 
recent emergency the city passed Ordi. 
nance 704 restricting the use of water 
declaring an emergency and _ prescrib- 
ing penalties for violation. The ordi- 
nance provides that: (1) No water 
shall be used upon lawns or annual 
plants, nor for the irrigation or wet- 
ting of open ground, the washing oj 
walks, courts or lanes, nor of floor 
surfaces through any hose connected 
to the city water system. (2) Th 
application of water, not prohibited in 
the ordinance, may be made to trees 
(3) No water shall be used unneces- 
sarily. (4) The use of water, except 
from a pail, in the washing of auto 
mobiles or other vehicles is prohibited 
(5) Authority to permit the use o 
water for any of the purposes limited 
by the ordinance is delegated to the 
Water Superintendent. (6) The per 
alty for violation is $300 or thre 
months’ imprisonment, or both. 

Wood comments that this ordinane 
has been quite effective and he has hai 
excellent cooperation from the cor 
sumers as a whole. 
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to determine the percentage of water 
saved, but it is believed the restric- 
tions have been effective and will carry 
Ventura through the critical period. 


Santa Barbara, Calif. 


Santa Barbara, together with Ven- 
tura, has received a_ considerable 
amount of publicity during the past 
few months regarding the grave situa- 
tion in its area. Probably no other 
community in the southwest is facing 
a summer of such drastic restrictions, 
primarily because of the recent failure 
to approve a proposed bond issue. 
Santa Barbara is to be complimented 
on the measures taken to meet the 
emergency and the rather comprehen- 
sive and complete procedure set up for 
their supervision and enforcement. In 
fact, it is the author’s opinion that the 
procedure and the forms used at Santa 
Barbara will become a model for many 
other communities which are seriously 


affected. It appears worth while, 
therefore, to elaborate on the Santa 
Barbara ordinance and the forms 
employed. 


On January 15, 1948, the city coun- 
cil adopted Ordinance 2174 restricting 
the use of water, determining what 
constitutes waste water, creating a Wa- 
ter Emergency Committee, providing 
for relief in the event of an emer- 
gency and conditions of undue hard- 
ship, and establishing penalties for vio- 
lations. The ordinance defined waste 
as “the use of water for any purpose 
except minimum domestic use or for 
purposes essential to health and sani- 
tation, unless said use shall have been 
first authorized by written permission 
of the Water Emergency Committee.” 

The prohibited uses included: lawn 
or garden sprinkling; wetting open 
ground; washing walks, courts, drive- 
ways or hard-surfaced areas; washing 
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autos or other vehicles, commercial or 
private ; and the use of water in orna- 
mental or other types of fountains or 
pools, except for drinking purposes. 

On April 30, because recent storms 
had improved the situation, water ra- 
tioning was relaxed slightly. Resi- 
dents were permitted to irrigate lawns 
and shrubs two hours a week, with 
householders on the east and west 
sides of town alternating. It was em- 
phasized, however, that full rationing 
would be restored if the water use 
proved excessive. 

The Water Emergency Committee 
consists of five persons appointed by 
the mayor to hear, grant or deny re- 
quests for relief claiming undue hard- 
ship or emergency. The committee’s 
decision is conclusive. 

The forms employed comprise: an 
emergency card placed in all hotels, 
motels, garages and service stations; 
a relief application blank; a rejection 
of the application; a special water use 
permit approving the application; and 
a copy of Ordinance 2174. 

C. M. Pinkham, Santa Barbara Wa- 
ter Superintendent, states that the 
consumers have generally been very 
cooperative and that the water regula- 
tions have reduced consumption ap- 
proximately 40 per cent. 


Manhattan Beach, Calif. 

The West Basin, which is the south- 
western coastal area of Los Angeles 
County and extends from Long Beach 
to Santa Monica, includes eight incor- 
porated cities. It contains seven major 
oil refineries, four large airplane fac- 
tories and many other industries, all 
of which are heavy consumers of water. 
The northern and eastern sections of 
the basin receive a portion of their 
water supply from the Metropolitan 
Water District trunk lines. This area 
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has, until recent years, been entirely 


supplied by water pumped from the 
underground basin. At present the 
withdrawal from the basin is estimated 
to be three times the normal replenish- 
ment, with the result that in the past 
40 years the fresh water plane in the 
basin has been lowered from 30—40 ft. 
above sea level in 1900 to 30-75 it. 
below sea level in 1948. A Municipal 
Water District has recently been 
formed and negotiations are under way 
with the Metropolitan Water District 
to serve a portion of the area, pri- 
marily along the west coast. This 
long-continued overdraft has resulted 
in salt water intrusion in recent years, 
so that all the wells located within 13 
miles of the coast line are contaminated. 
Many wells are being abandoned each 
year and new ones are being drilled 
further from the saline front, which 
is encroaching inland at a yearly rate 
estimated at 500-1,000 ft. A number 
of wells have been rendered aseless, 
and more will undoubtedly have to be 
abandoned within the next year, be- 
cause of excess chlorides (from 700 
to 1,000 ppm.). 

In the summer of 1947 the city of 
Manhattan Beach received consider- 
able publicity from the fact that during 
a hot spell over a weekend it was nec- 
essary to declare an emergency to elim- 
inate the waste of water. The Water 
Department regulations grant official 
authority to the Water Superintendent 
to make any emergency rules or regu- 
lations to meet critical conditions. 
There was no_ special ordinance 
adopted, nor was one found necessary. 
The procedure followed was to mail 
cards to each consumer, which read: 
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Notice to Consumers—Water Restric. 
tions. Until further notice the following 
regulations pertaining to use of water are 
in force: 

During warm weather, when the tem- 
perature reaches 80°F., all unnecessary 
outside use of water, such as irrigation, 
washing of cars or trucks, etc., will not 
be permitted between the hours of 7 a.y. 
and 8 p.m. Your cooperation will assure 
an ample supply for normal household 
use. No waste of water during hours of 
restriction will be permitted. This situa- 
tion is caused by the unprecedented 
growth during the past year and unayail- 
ability of water works materials. 

Your cooperation will be appreciated 
by the Water Department. 


The response was immediate and the 
best inspectors were the consumers 
themselves, who reported any waste 
of water during the warm periods by 
their neighbors. In fact, the depart- 
ment received many complimentary 
phone calls and letters, especially from 
those areas where the situation was 
most critical. 

Because of the increase in demand 
during 1947, consideration is being 
given to a regulatory ordinance to 
restrict the hours of water use, either 
on a rotation basis or by prohibiting 
outside use between 7 A.M. and 8 P.M. 


Conclusion 

The foregoing summary, while ex- 
ceedingly limited, is of sufficient inter- 
est to warrant a more comprehensive 
survey covering all areas in the states 
which are faced with a water shortage. 


Reference 
1. Arizona Republic (Phoenix, Ariz.), April 
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The Proper Development of Ground Water 
By E. W. 


4 paper presented on May 4, 1948, 


chy 
Bennison 


at the Annual Conference, Atlantic 


City, N.J., by E. W. Bennison, Civ. Eng., Office Engr., Edward E. ae bos) 
Johnson, Inc., St. Paui, Minn. Rs ia: 
HE development of ground water compile such data. The fact that 


is a subject so broad in its defini- 
tion and application that it cannot be 
discussed in detail in this brief paper. 
Therefore, only the more general 
phases of the subject will be taken up. 

For years ground watgr develop- 
ment has been regarded as a synonym 
for well drilling. More recently, how- 
ever, it has been realized that in the 
proper development of a ground water 
supply well drilling is only the actual 
construction work which may be feasi- 
ble after the technical questions have 
been solved. Modern ground water 
development is therefore the practical 
application of technical knowledge to 
the exploitation of water supplies for 
beneficial use, free from pollution and 
in accordance with the best principles 
of ground water conservation. This 
requires not only a knowledge of well 
drilling equipment and methods, but 
also a rather comprehensive under- 
standing of ground water hydrology 
and hydraulics, ground water chem- 
istry, metallurgy, power generation 
and transmission. 

Today it is known or can be ascer- 
tained where ground water comes 
from, how much there is of it and 
where it finally goes. Many users of 
ground water have no idea of the 
amount of information available in the 
various state and government depart- 
ments whose duty it is to collect and 


ground water is one of the nation’s 
most important and valuable natural 
resources is beginning to be recognized 
by individuals, municipalities, indus- 
tries and irrigation districts. This has 
led to a more intense study of ground 
water formations or aquifers ; improve- 
ments in well drilling equipment, ma- 
terials and methods; and last, but not 
least, a realization of the economic im- 
portance of ground water. 

The larger users of ground water are 
now calling upon their technical men 
for exact and detailed information on 
the feasibility of proposed develop- 
ments, before actually undertaking any 
drilling. No longer is it necessary to 
depend on well drillers, water witches 

r “little black boxes” for information 
concerning ground water, as the re- 
quired data are available or can be 
obtained with a reasonable expenditure 
for preliminary investigation. 
Prospecting and Testing as 

To establish definitely the feasibility 
of important ground water develop- 
ments, they should be preceded by suf- 
ficient study and investigation. It is 
often found necessary to resort to 
prospecting or geophysical testing in 
the field, using methods that will ob- 
tain the required information quickly 
and with reasonable accuracy. From 
this preliminary work, it can be deter- 
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mined where the best aquifers are lo- 
cated, what their extent and general 
nature is, and whether drilled test holes 
should be put down or not. Test holes 
should always be put down before final 
plans are made for the construction of 
wells and the installation of pumping 
equipment. Because this will in a 
large measure insure the successful 
completion of the development, the 
money for testing is well spent. 

To put down test holes, standard 
drilling equipment is used, the type 
depending on the nature and depth of 
the formations to be penetrated. As 
the purpose of all test holes is to ob- 
tain accurate formation data and rep- 
resentative samples, it is most essential 
that the diameter of the holes and the 
drilling methods used be such that the 
results are accurate and dependable. 
All test holes should be at least 4 in. 
in diameter, and as little water as pos- 
sible should be used to obtain the sam- 
ples. There are only six methods 
employed to put down test holes— 
hydraulic or rotary jetting, hollow rod, 
sand bucket, auger, and core. Only 
the first three require the use of water 
to remove the formation material. The 
hydrologist or engineer in charge must 
be familiar with these methods, as all 
sorts of formation conditions may be 
encountered, making it necessary to 
use more than one kind of drilling in 
order to put the holes down. Further- 
more, a program of testing must be 
carefully planned in advance, as out- 
lined below: 

1. A sufficient number of holes 
should be put down to determine the 
area, thickness and depth of each aqui- 
fer within the sector available for the 
proposed development. 

2. All prospect holes should be at 
least 2 in. in diameter and all test holes 
at least 4 in. in diameter. 
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3. All formation samples should be 
as nearly representative of the natural 
formations as possible. 

4. All formation samples should be 
placed in containers on which depth, 
location and other information should 
be plainly marked. 

5. All movements of the water table 
should be measured several times dur. 
ing the drilling, and samples of water 
should be obtained from each aquifer, 

6. All analyses of formation and wa. 
ter samples should be made by persons 
who are experienced in such work and 
are qualified to interpret the hydro. 
logic, as well as the geologic, character. 
istics of the samples. 

On completion of such a test pro- 
gram, all data should be checked, cor- 
related, studied and finally assembled 
in a written report with a ground wa- 
ter map. In actual practice, the num- 
ber of test holes put down is often not 
nearly enough to secure the informa- 
tion desired, and, worse yet, every one 
connected with the job passes judg- 
ment on the formation samples. 

It is not difficult, with a little study, 
to recognize the various rock forma- 
tions and to know something of their 
origin and water-yielding ability. Un- 
consolidated formations such as silts, 
sands, gravel and glacial till can be 
recognized readily and analyzed easily. 
Samples of impervious formations such 
as clay, rock or shale can be identified 
by a microscopic examination or from 
their color and their reaction to acids, 
It is granted that this work is beyond 
the average well driller, but it should 
not be beyond the hydrologist or engi- 
neer specializing in ground water de- 
velopment. 


Well Design and Construction 


Assuming that the preliminary in- 
vestigation, prospecting and 


testing 


July 


have 
ity 

nex 
the 

kno 
the 

cons 
drill 
tory 
in d 
teri: 
is le 
alth 
and 
gre. 
van 
has 
grol 
ties 


\ 
met 
driv 
—tl 
scre 
trea 
so 1 
well 
bea 
imu 
wat 
fort 
side 
sup) 
Sel 
I 
to 1 
latic 
dep 
ope 
rela 
the 


udg- 


udy, 
rma- 
their 
Un- 
silts, 
1 be 
isily. 
such 
‘ified 
from 
cids, 
yond 
ould 
de- 


in- 
sting 


July 1948 


have been completed and the feasibil- 
ity of a development determined, the 
next problem is that of constructing 
the necessary wells. In this phase, a 
knowledge of well drilling, including 
the methods and materials used in well 
construction, is essential. The art of 
drilling wells is as old as recorded his- 
tory, but there was little improvement 
in drilling equipment, methods or ma- 
terials used in this country prior to the 
Civil War. Thus, modern well drilling 
is less than one hundred years old.and, 
although drilling methods, materials 
and equipment have been improved 
greatly since that time, the largest ad- 
vance in ground water development 
has been in the collection of data about 
ground water itseli—its occurrence and 
movements and the yielding possibili- 
ties of water-bearing formations. 

Although there are still only four 
methods used in constructing wells— 
driving, digging, hydraulic and drilling 
—the knowledge of well casings and 
screens, well development and gravel 
treatment has increased tremendously, 
so that it is now possible to construct 
wells of the proper type in any water- 
bearing formation and develop its max- 
imum yield. Asa result, many ground 
water developments are now made in 
formations that previously were con- 
sidered of little or no value as water 
supplies. 


Selection of Well Type 


In the past little attention was paid 
to well design. No one knew the re- 
lation of yield to well diameter, well 
depth, screen length, percentage oi 
open screen area or drawdown. These 
relationships have now been worked 
out, and it is also possible to determine 
the ground water velocities and the 
yielding ability of water-bearing forma- 
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tions. With all this information avail- 
able, there is no reason to be guided by 
local customs, personal opinions or the 
recommendations of those whose inter- 
est it is to drill a hole at so much a foot. 
Many ground water developments have 
been partial failures from the day they 
were completed, because wells of the 
wrong type were used in the water- 
bearing formations. One of the funda- 
mentals of good ground water develop- 
ment is to select the proper type of well 
for the aquifer and then construct it 
regardless of cost. After considerable 
study and investigation, a committee of 
this Association prepared what is prob- 
ably the most complete and usable set 
of well specifications in existence (1). 
Only eleven different types of well con- 
struction are recognized in these speci- 
fications. For all practical purposes 
they are sufficient and, if used more 
widely, would result in better wells. 

The matter of selecting the proper 
type of well and method of building 
it is not too difficult, if these principles 
are considered : 

1. The proposed well should be con- 
structed of materials that give the 
longest life under the soil, water and 
pumping conditions which are already 
present in the ground formations or 
which may result from the operation 
of the well. Because corrosion and 
incrustation—and, therefore, the life of 
the well—may be involved, this princi- 
ple cannot be overlooked or neglected. 

2. The proposed well should be so 
constructed that it will make the maxi- 
mum quantity of water available for 
pumping with the least possible draw- 
down per gallon. 

3. The proposed well should be so 
constructed that only usable water can 
enter it at any place and only through 
the openings provided for this purpose. 
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If these three conditions are kept in 
mind in selecting the proper type of 
well, many failures will be avoided. It 
is the duty of all who are responsible 
for choosing the type of well construc- 
tion to be guided by the judgment of 
someone qualified to make such recom- 
mendations. Too often this responsi- 
bility is either placed on, or assumed 
by, the well driller or the purchaser. 
A mutual sharing of responsibility and 
the use of ordinary horse sense are far 
better in selecting the kind of well than 
is the acceptance of a special type of 
well using methods or materials that 
have not been tested by experience. 
Specifications are frequently prepared 
for the construction of wells that are 
not in any way adapted to the forma- 
tion which they are to be located. 
At times the purchasers of wells are 
guided entirely by the cost, which in- 
variably means unsatisfactory wells. 
fe 
In addition to the need for better 
well construction, there is another 
phase of ground water development 
that has been almost entirely over- 
looked in the past: the necessity for 
more information and better use of the 
ground water now available in under- 
ground reservoirs. More should be 
learned about the location and extent 
of these reservoirs, the amount of wa- 
ter they have in them, the rate at which 
they are being replenished and the rate 
of withdrawal. The whole subject of 
ground water development and _ use, 
including well construction, requires 
more study if these reservoirs are to 
be preserved and at the same time used 
to the limit of their safe yield, wee 


Ground Water Conservation 


BENNISON 


Jour. 


There is no doubt about the jn. 
creased demand for and use of groung 
water which has resulted from im. 
provements in the construction of wells 
and in pumping equipment, as well as 
from the wider distribution of cheap 
electric power. The necessity for 
maintaining ground water supplies js 
obvious. The question confronting the 
users of ground water is: how can this 
be done? Undoubtedly it will take 
time and the combined efforts of 
ground water users, public officials and 
others who realize the irreparable eco- 
nomic loss that will be sustained un- 
less protective measures are adopted at 
the proper moment. Ground water 
supplies are similar to other water sup- 
plies in that no one is unduly alarmed 
until there is a failure or shortage, and 
then there is an instant demand that 
something be done. Most users of 
ground water are under the impression 


that ground water supplies are inex- 
haustible. They are little concerned 


about such things as proper use and 
conservation, because their principal 
desire is for unlimited use. 

The quantity of water in the nation’s 
ground water reservoirs greatly ex- 
ceeds the capacity of all of the surface 
reservoirs, both natural and _ artificial, 
There is sufficient ground water to sup- 
ply every foreseeable demand, but it is 
essential to take inventory of these sup- 
plies from time to time, and to make 
provision for their proper use and con- 
servation for the generations to come. 


Reference 


1. Standard Specifications for Deep Wells— 
Am. Water Works Assn, 
A.W.W.A, 


4A.1-1946. 
New York (1946) ; 
Tei 37 :913 (Sept. 1945). 
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Policies and Problems in Controlling 
Ground Water Resources 


A paper presented on May 4, 1948, at the Annual Conference, Atlantic 
City, N.J., by H. T. Critchlow, Chief Engr., Div. of Water Policy and 
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Supply, State Dept. of Conservation, Trenton, N.J. 


ROUND water is_ replenishable 

but not inexhaustible. Competi- 
tion for ever increasing amounts has 
raised many practical problems and 
much controversy among those looking 
for more water to satisfy their needs. 
Water codes and laws to control its 
use, which have been enacted in sev- 
eral states, differ widely, depending on 
the conditions of use and the quantity 
available. In other states little or no 
control is exercised except to protect 
the water supply from contamination 
and to regulate its use for human con- 
sumption. 

No attempt is made in this paper to 
cover the subject in a comprehensive 
manner. The discussion is based on 
practice in the eastern part of the coun- 
try and particularly in the state of New 
Jersey, where laws controlling the use 
of ground waters have been in exist- 
ence since 1910. It is the hope of the 
author that others will contribute their 
experience in other areas and add to 
the knowledge on this important sub- 
ject. 


Control Problems pate 


The problems of ground water con- 
trol may be discussed under three head- 
ings: interference, overdraft and pollu- 
tion, 
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Interference at a well is caused by 
pumping another well or well field 
near by or even at some distance. In- 
terference between private wells of 
equal use is not generally serious. 
Sometimes what appears to be inter- 
ference may actually be the lowering 
of the ground water table because of 
drought conditions. The solution is 
usually found in deepening the well or 
lowering the pump. Where the Eng- 
lish doctrine of the common law is in 
force, private owners of equal rights 
cannot collect damages from one an- 
other but must protect themselves by 
going deeper for water or by mutual 
agreement. When a_ public water 
works taking water from wells inter- 
feres with a privately owned well, the 
owner of the public supply is liable 
for damages on the theory that the 
ground water under private land con- 
stitutes a proprietary right; the owner 
has the right of use pertinent to the 
land, such as for household purposes, 
watering stock and the like. The pub- 
lic owner must therefore obtain the 
right to divert the water for public 
use from the land on which the wells 
are located. If two public supplies in- 
terfere with each other, the matter may 
be settled in the courts or by a state 
administrative agency established to 
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control the diversion and use of ground 
waters. 

Overdraft results from pumping the 
water-bearing formation or aquifer at 
a rate greater than that of the flow 
from the intake area. This condition 
is reflected in the permanent and pro- 
gressive lowering of the ground water 
level. In artesian areas, where wells 
originally flowed above the surface, the 
artesian pressure can, through use over 
a period of time, be permanently low- 
ered. This brings about the cessation 
of flow and requires pumping to main- 
tain the yield. Overdraft may be due 
to a variety of reasons, but is generally 
caused by a rapid increase in demand 
concomitant with growth in population 
or industrial development. In recent 
years overdraft in many urban areas 
has been accentuated by the use of 
ground water for air conditioning. The 
increasing demand for ground water 
for irrigation is also becoming an im- 
portant factor contributing to overdraft 
in some regions in the East as well as 
in the West. In certain resort areas 
dependent upon ground water supplies, 
such as coastal cities in New Jersey, 
the summer requirements may be dou- 
ble or treble the average annual de- 
mand. This results in a seasonal low- 
ering of the water level, which may not 
recover completely in the following 
slack season, so that there is a gradual 
lowering of the static water level. This 
has happened in the Atlantic City area 
in the so-called 800-ft. (Kirkwood ) 
sand from which many of the beach 
hotels take their water. The first wells 
were drilled in 1893 and flowed 20-25 
it. above sea level. To date the water 
has dropped to about 85 ft. below sea 
level, with a pempage increasing over 
the years to about 25 mgd. at the pres- 
ent time during the summer season. 
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Pollution is a serious problem in 
ground water control in many areas, 
This may be due to salt water intru- 
sion into the water-bearing sands out- 
cropping in tidal areas; to improper 
disposal of sewage near wells in rock 
formations containing fissures, crevices 
or solution channels; or to chemical 
wastes. Salt water intrusion is gen- 
erally caused by the overpumping of 
wells in the vicinity of the sea coast 
or of tidal estuaries or marshes. Such 
pollution is generally serious, causing 
permanent salting of the water-bearing 
beds. The ruining of valuable ground 
water supplies has occurred in many 
places, such as the south shore of Long 
Island, N.Y.; Perth Amboy and Sayre- 
ville, N.J., on Raritan Bay; Pleasant- 
ville, N.J., on the mainland back of At- 
lantic City; Baltimore, Md.; the Gulf 
Coast in Texas; southern California; 
and other coastal states. 

Another cause of contamination is 
the escape of salt water from gas and 
oil wells. This is a problem in such 
states as Ohio, Indiana and Texas. 
Oil and gas wells must be specially 
sealed to prevent the salt water at 
lower depths from entering the higher 
fresh-water-bearing formations. 


Investigations 


\ccurate and reliable information on 
the occurrence and behavior of ground 
waters is essential in the study and 
solution of the problems oi interfer- 
ence, overdraft and pollution. The ge- 
ology and hydrology of the region must 
be determined before any satisfactory 
remedy can be found. The rapidly it- 
creasing use of ground water requires 
comprehensive, scientific planning for 
the conservation and economic devel- 
opment of these resources. Fortu- 
nately much work has heen done along 
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these lines in certain areas and the 
results obtained should encourage sim- 
jlar studies in regions where ground 
water problems are becoming serious. 

The U.S. Geological Survey began 
investigating the ground water re- 
sources of the country soon after its 
establishment in 1879. Its first report 
on the subject was published in 1885. 
Following this, extensive ground water 
surveys were made, chiefly in the west- 
ern states. In 1903 the Div. of Hy- 
drology was formed, which in . 1908 
was renamed the Div. of Ground Wa- 
ters. Funds for this work were mea- 
ger for many years, but in 1929, as a 
result of demands by the states for aid, 
Congress increased appropriations for 
ground water investigation, for use 
primarily in cooperation with state, 
county and municipal governments on 
a dollar-for-dollar basis. As a result, 
the Ground Water Div. has cooperated 
for about 20 years with many of the 
states on a coordinated program of 
ground water studies from year to 
year. Such continuity and coordina- 
tion have favored the development of 
an effective technique in this highly 
specialized scientific field with its prac- 
tical applications. Another result has 
been the selection and intensive train- 
ing of capable geologists, engineers and 
physicists in the field. 


New Jersey Studies 


Increasing demands for ground wa- 
ter and improvements in drilling meth- 
ods in the early twenties brought about 
the comprehensive investigation of 
ground water conditions in the state 
of New Jersey. This work began in 
1923 and has continued without in- 
terruption to date. From July 1923 
to June 1927 it was conducted jointly 
by the U.S.G.S. and the State Dept. 
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of Conservation and Development. 
From July 1927 to June 1931 the work 
was carried on by New Jersey alone, 
at first by the Dept. of Conservation 
and Development and later by the 
State Water Policy Commission, to 
which matters pertaining to water sup- 
ply were transferred by an act of the 
legislature in 1929. Cooperation be- 
tween the U.S.G.S. and the State Wa- 
ter Policy Commission was resumed in 
1931 and has been maintained since 
that time. In July 1945 the State Wa- 
ter Policy Commission was discontin- 
ued and its duties and powers were 
taken over by the Div. of Water Policy 
and Supply of the newly created Dept. 
of Conservation. 

During this period of almost 26 
years field investigations have been 
conducted in ten selected areas in New 
Jersey for the main purpose of deter- 
mining, as far as possible, the safe 
yield of the water-bearing formations. 
These areas are: (1) East Paterson, 
(2) Canoe Brook, (3) Middlesex 
County, (4) Parlin, (5) Asbury Park, 
(6) Camden, (7) Southern Interior, 
(8) Salem County, (9) Atlantic City 
and (10) Newark. Seven reports 
have been published and others are 
in preparation. The first published 
report was on the Atlantic City area 
in 1928. The total funds expended to 
June 30, 1947, were about $222,000. 
For the current fiscal year $22,000 has 
been appropriated. 

The field investigations include the 
operation of 277 water level stations 
and 153 water sampling stations for 
chloride analysis. The water level sta- 
tions comprise 61 continuous record- 
ers, 2 daily, 50 periodic (monthly) and 
164 occasional (quarterly) measure- 
ments of water levels in observation 
wells in the ten areas under study. 
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Many of these wells have been drilled 
specially for observation in selected lo- 
cations. Pumping tests are conducted 
to observe yield, drawdown, cone of 
depression, interference with neighbor- 
ing wells, and other pertinent data. 
Logs of the geologic formations, in- 
cluding samples of materials, are ob- 
tained and correlated. Samples of wa- 
ter are collected for complete chemical 
analysis, especially from new wells, 
and thousands of samples have been 
taken from wells along the coast for 
chloride analyses to obtain advance 
notice on the encroachment of salt 
water. 

Another very practical use of the re- 
sults of these investigations is to assist 
the Water Policy and Supply Council 
in the administration of the laws on 
the control of ground waters, which 
will be discussed later in this paper. 
Space does not permit giving more de- 
tails of this valuable work, but federal 
and state officials are convinced of its 
importance and the necessity for its 
continuation and expansion. Some at- 
tempts have been made recently to re- 
duce the funds and authority for con- 
tinuing the work on the federal level. 
The way in which local government 
officials, the engineering profession 
and the water works fraternity have 
rallied to the support of the cooperative 
program of the U.S.G.S. is most en- 
: couraging and demonstrates their in- 
terest in this program. However, no 
one should be lulled into a belief that 
the danger to the program is past. 


Control Policies ‘ 


The increased use of ground water 
has resulted from many factors. Radi- 
cal improvements in the construction of 
water wells and in pumping machinery, 
as well as the development of methods 
of treatment of ground water to soften 
it and to remove iron and other objec- 
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tionable minerals which may be pres- 
ent, have done their part in improving 
the quantity and quality. The demand 
for additional supplies in war and other 
emergencies has added considerable 
impetus. The result has been a situa- 
tion which threatens the depletion of 
these valuable ground water resources 
and their possible contamination and 
loss by salt water intrusion. Under 
the pressure of growing demand, the 
common law right adopted in some 
states—that the surface proprietor has 
a complete and unlimited property 
right in all subsurface waters obtain- 
able through wells driven on his land— 
has led to interference, damage and 
endless litigation. Even in the absence 
of statutory enactments, this common 
law right of unlimited use was modi- 
fied, and a so-called American doctrine 
of reasonable use was adopted by some 
courts. This doctrine declares that 
ground water is not a fixed mineral 
always in place under the soil but 
moves about; that, therefore, all sur- 
face proprietors have a common or 
joint interest in ground water re- 
sources; and that each proprietor may 
be limited in his use in relation to the 
use of other proprietors. Now a dif- 
ferent and further interest in ground 
waters has arisen—the interest of the 
general public in protecting and con- 
trolling the water resources of an area, 
such as a city or a state, to prevent 
exhaustion. 

Statutes have thus been passed in 
several states to regulate diversion by 
_ private owners and the public water 
supply systems, and to protect all 
against wasteful use. Such statutes 
fall within the exercise of the police 
power, and where they have been rea- 
sonably adopted for the sake of fair- 
ness and equity and to prevent the 
waste of a natural resource, the stat- 
utes have been upheld. 
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New Jersey Laws 


In 1907 a law (Chapter 252) was 
enacted establishing a State Water 
Supply Commission to regulate the di- 
version of surface waters for public 
and potable use. This included the 
taking of water for a new supply or 
an additional source for an existing 
supply. In 1910 a supplement was 
enacted (Chapter 304) extending the 
jurisdiction over diversions for public 
and potable use to include well, .sub- 
surface and percolating waters. These 
laws have been revised and combined 
in Revised Statutes 1937, Title 58, 
Chapter 1. This statute requires all 
parties supplying or proposing to sup- 
ply water to the inhabitants of any mu- 
nicipal corporation or other civil di- 
vision of the state, or proposing to 
condemn lands for such water supply 
use, to make application to and obtain 
the approval of the State Dept. of 
Conservation for the project. Public 
hearings are held, after which the de- 
partment shall determine: (1) whether 
the plans proposed are justified by 
public necessity; (2) whether they 
provide for the proper and safe con- 
struction of all works connected there- 
with; (3) whether they provide for 
the protection of the supply and the 
watershed from contamination or pro- 
vide for the ‘proper filtration of such 
supply; (4) whether the reduction of 
the dry-season flow of any stream will 
occur to an extent likely to produce un- 
sanitary conditions or otherwise injure 
public or private interests; and (5) 
whether the plans are just and equita- 
ble to the other municipalities and civil 
divisions of the state affected thereby, 
and to the inhabitants thereof, par- 
ticular consideration being given to 
their present and future necessities for 
sources of water supply. — 
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The department may issue a per- 
mit to carry out the plans as approved. 
Upon the completion of the construc- 
tion an inspection is made and, if the 
requirements are met, an approval of 
the works for permanent operation is 
issued. The diversion permit fixes the 
amount of water that may be taken 
from the approved source and a time 
limit after which it may be renewed. 

Under the statutes, 665 decisions 
have been rendered. The decisions are 
subject to review as to reasonableness, 
legality and form, and several have 
been brought before the courts, in 
nearly all cases the decisions being sus- 
tained. No part of the statutes has 
been declared unconstitutional. It is 
believed that the decisions have been 
fair and equitable and in the public 
interest. 


Control of Private Supplies 


For 40 years of operation of the 
statutes on the control of waters for 
public and potable use in New Jersey, 
there was no state control over private 
wells for industrial, commercial or 
other private use. The public sup- 
plies were thus subject to unrestricted 
interference by private wells that might 
be constructed and operated within 
their sphere of influence. For ten or 
more years relief was sought through 
legislation. Objections were raised by 
the owners of large wells using water 
in industry, railroads, hotels, and other 
businesses. 

Finally, in 1947, a law (Chapter 
375) was enacted giving authority to 
the State Dept. of Conservation to reg- 
ulate the diversion of subsurface and 
percolating waters of the state for do- 
mestic, industrial and other uses. The 
law, which supplements Title 58, Chap- 
ter 1 (previously discussed), became 
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effective July 2, 1947. Nine applica- 
tions have been received. The law 
provides : 


1. The Department of Conservation 
shall delineate from time to time such 
areas of the State where diversion of 
subsurface and percolating waters ex- 
ceeds or threatens to exceed, or otherwise 
threatens or impairs, the natural replen- 
ishment of such waters. 

2. In areas so delineated no such wa- 
ters shall hereafter be diverted in excess 
of 100,000 gpd. for any purpose without 
obtaining a permit. Such permit may be 
refused or, if granted, may include such 
stipulations as may be necessary to con- 
serve such waters of the State and pre- 
vent their exhaustion. 

3. Any refusal to grant a permit shall 
be subject to review by the Supreme 
Court, both as to question of law and 
fact. 

4. Any person, corporation or agency 
diverting in excess of 100,000 gpd. from 
such sources shall have the privilege of 
continuing to take from the same source 
the quantity of water which is the rated 
capacity of the equipment at that time 
used for such water diversion. — 
Review of State Legislation 

A review of the laws of several other 
states in which the control of ground 
waters is in operation or is being con- 
sidered has been made, so far as the 
laws were available to the author. 
While it has been impossible to analyze 
these in detail, there is set forth in the 
appendix to this paper a brief sum- 
mary which, it is hoped, will be of 
interest to the members of the Asso- 
ciation and to others concerned. 

Those looking for further sugges- 
tions to aid them in drafting ground 
water legislation should give careful 
consideration to A. P. Black’s excel- 
lent article on “Basic Concepts in 
Ground Water Law” (1). 
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Conclusion 


The importance and necessity of 
maintaining a ground water supply to 
assure a safe sustaining yield cannot 
be overemphasized. The conservation 
of ground water by legislation began 
in 1905 in the state of New York 
through the control of the acquisition 
of lands for new or additional sources 
of water supply by municipal corpora- 
tions or other civil divisions of the 
state. Additional legislation followed 
in New York, and other states took up 
the conservation program, thus estab- 
lishing permanently the policy of regu- 
lating by law the use of these impor- 
tant water resources. 

Some states which have passed laws 
recently are concerned about their con- 
stitutionality because of their effect on 
the common law doctrine of proprie- 
tary rights. Courts are modifying their 
rulings, however, to accord with in- 
creased knowledge and are applying 
the doctrine of equitable apportionment 
which represents the trend in practice 
not only for ground water but also for 
surface water developments. 

The demands on this source of wa- 
ter supply for industrial, municipal, 
agricultural and domestic purposes are 
growing out of all proportion to the 
increase in population. The enlarged 
demand has been due principally to im- 
provements in methods of well con- 
struction, deep well pumping equip- 
ment, efficiency of pumps and motors 
and lower power rates. The rapid 
growth in the use of air-conditioning 
equipment in many cities is increasing 
the draft on wells and overloading 
drainage systems. This situation is 
bringing about the passage of laws and 
regulations to require the conservation 
of ground water by recirculating it 
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through cooling devices or returning it 
to the ground through recharge wells. 
In western Long Island, N.Y., alone, 
there are said to be over 250 recharge 
wells operating satisfactorily, and about 
15 others in the rest of the country. 

The artificial recharge of ground 
waters is being practiced in many lo- 
calities. In New Jersey a sizable in- 
dustrial well water user obtains a de- 
pendable supply of 15-20 mgd. from a 
large artificial lake constructed for that 
purpose. In California artificial re- 
charge by spreading is practiced to a 
considerable extent. 

The need for more scientific knowl- 
edge about the occurrence and move- 
ment of ground waters is vital to a 
satisfactory solution of safe yield, inter- 
ference, contamination and other prob- 
lems. The program inaugurated by 
the U.S.G.S. in cooperation with the 
states and other local agencies has been 
of great help in the economic develop- 
ment of ground water resources. The 
A.W.W.A. and its individual members 
should continue to support this pro- 


The State Land Commis- 
sioner (Chapter 5, House Bill No. 2, 
approved April 1, 1948) has authority 
to regulate the use of ground water—- 
primarily for irrigation—in excess of 
100 gpm., in such critical ground wa- 
ter areas as may be established within 
the state. Certain uses of ground wa- 
ter—including domestic, stock water- 
ing, domestic water utility, industrial 
or transportation purposes—are ex- 
empt. The act was passed without an 
emergency clause and does not become 
effective until 90 days after receiving 


Arizona. 
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gram and enlarge it as much as funds 
will permit. Research is the founda- 
tion of technical progress and pays 
large dividends. 

Improvement in existing laws is de- 
sirable and should be considered by 
the Association as a worth-while proj- 
ect. It will need the assistance of law- 
yers familiar with water laws as well 
as water works officials familiar with 
the administration of such laws. 
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the Governor's approval. It is known 
as the Ground Water Code of 1948. 
Indiana. Under Chapter 154, Laws 
of 1947, the Dept. of Conservation reg- 
ulates the removal of more than 200 
gpm. from the ground by any means 
for purposes of air conditioning or 
cooling, unless the water is circulated 
through cooling towers or other de- 
vices and re-used, or is returned to the 
ground through recharge wells, or a 
permit is secured from the Dept. of 
Conservation. The statute does not 
cover any other use than those stated. 
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The return of the water to the ground 
must be approved by the State Board 
of Health. 

Kansas. The Ground Water Act of 
1945 gives the State Engineer author- 
ity to deny or limit the development of 
additional wells in areas of heavy 
pumping. All appropriations of water 
must be for beneficial use. The right 
to take water shall terminate when it 
ceases to be used for a beneficial pur- 
pose for three years or more. Appro- 
priations shall not constitute absolute 
ownership of water but shall remain 
subject to the principle of beneficial 
use. The law gives precedence to dif- 
ferent uses in the following order: do- 
mestic, municipal, irrigation, industrial, 
recreational and water power. 

Maryland. The Water Resources 
Law of 1933 gives the Dept. of Ge- 
ology, Mines and Water Resources 
authority to regulate the use of any 
waters of the state, whether surface 
or underground; written permits are 
granted upon application submitted 
prior to use, and after a hearing. An 
exception is made for the use of water 
for domestic and farming purposes and 
for its use as an approved municipal 
water supply. The law requires that 
well drillers be licensed and that per- 
mits be obtained for well drilling. 

Minnesota. The Commissioner of 
Conservation (Chapter 142, Laws of 
1947, Section 3, Subdivision 1; and 
Section 5) has general authority to 
regulate the use of all waters of the 
state, both surface and underground, 
for the best interests of the state, and 
to issue permits for beneficial use. 

Montana. Chapter 218, Laws of 
1947, provides for the conservation of 
underground waters and for the cas- 
ing and capping of artesian wells (de- 
fined as those flowing naturally from 
the top of the ground) and_ prohibits 
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waste therefrom. The law is admin. 
istered by the State Engineer and con- 
tains a penalty clause. 

New Jersey. See above, pp. 779- 
780. 

New Mexico. The Ground Water 
Law (Chapter 151, Laws of 1938) 
gives the State Engineer authority to 
control ground water—in certain in- 
stances concurrently with the authority 
of artesian conservancy districts. “The 
waters of underground streams, chan- 


nels, artesian basins, reservoirs, or 
lakes having reasonably established 


boundaries are hereby declared to be 
public waters and to belong to the pub- 
lic and to be subject to appropriation 
for beneficial use.” Applications are 
advertised for three weeks and are 
granted in whole or in part by the 
State Engineer if there are no objec- 
tions and unappropriated water is 
available. Should there be any objec- 
tions, a hearing is held, after which a 
decision is reached. Owners of water 
rights at the time of the passage of the 
law were required to file statements of 
beneficial use in order to establish their 
rights. 

New York. The Water Power and 
Control Commission (Section 522 of 
the Conservation Law) has authority 
to approve plans and issue permits for 
new or additional public water sup- 
plies. Chapter 563, Laws of 1933, 
added the Long Island sections of the 
Conservation Law, giving the commis- 
sion jurisdiction over all Long Island 
wells exceeding in capacity 100,000 
gpd. Chapter 338, 1935, 
added Section 521-b requiring the li- 
censing of all well drillers operating 
on Long Island. 

North Dakota, Chapter 17, Laws 
of 1921, gives the State Geologist gen- 
eral supervision over the waters of 
“es. 
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North Dakota and advisory authority 
on the practicability of measures affect- 
ing its underground waters. The drill- 
ing and control of artesian wells and 
the prevention of waste from them are 
regulated by the State Geologist, the 
State Engineer and the Superintendent 
of Schools of any county in which the 
wells are located. The State Geolo- 
vist is charged with enforcing the law, 
which contains a penalty clause. 

Ohio. Ohio has no specific ground 
water law, but the State Water Board 
has authority to promulgate regula- 
tions, after appropriate publicity and 
hearings, which have the effect of law. 
It is believed that this authority could 
be used to regulate the diversion of 
ground water in areas where the sup- 
ply is known to be limited. 

Oregon. The State Engineer (Sec- 
tions 116-449 to 116-451, Compiled 
Laws, Annotated 1940) has authority 
to regulate the use of ground waters 


east of the summit of the Cascade 
Mountains for beneficial use. 

Pennsylvania. The Water and 
Power Resources Board (Act No. 


365, Laws of 1939) has authority over 
the allocation of surface waters for 
public water supply use. Legislation 
relative to the control of ground wa- 
ters is being prepared for presentation 
to the 1949 Legislature. 

Rhode Island. A_ survey of the 
ground water resources of Rhode Is- 
land is being made by the U.S. Geo- 
logical Survey, which may lead to leg- 
islation controlling their use. 

South Dakota. The State Engineer 
(Chapter 61.04 to 61.07, South Dakota 
Code of 1939) has authority to regy- 
late the construction and use of arte- 
sian wells and to prevent waste. 

Utah. The State Engineer (Utah 
Code Annotated 1943, Title 100, Chap- 
ter 2) has general supervision of the 
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waters of Utah, both surface and un- 
derground, to secure equitable and fair 
apportionment and distribution for 
some beneficial use. Appropriation is 
made on application and certificates are 
issued in accordance with detailed rules 
and regulations as set forth in Chap- 
ter 3. In addition, permits must be ob- 
tained for drilling wells, and well drill- 
ers must be licensed. Under 100-5-1 
the State Engineer has authority, on 
petition of not less than one-third of 
the users of underground waters in any 
area, to determine whether the supply 
is adequate for the existing claims, and, 
if found to be inadequate, he must di- 
vide the waters among the several 
claimants entitled to them, in accord- 
ance with the rights of each. 

H’ashington. The State Supervisor 
of Hydraulics has authority to admin- 
ister the Surface Water Code (Chap- 
ter 117, Laws of 1917) and also the 
Ground Water Code (Chapter 263, 
Laws of 1945), a supplement to the 
former. The Ground Water Code ex- 
empts from control the withdrawal of 
water for any purpose, when the quan- 
tity is less than 5,000 gpd. It pro- 
vides a method by which ground water 
in excess of this amount can be legally 
appropriated; provides for the estab- 
lishment of ground water areas and 
depth zones; and also provides for the 
control of flow from artesian wells. 

Wisconsin, The Well Construction 
Code (Chapter 162) requires permits 
for the construction of wells in accord- 
ance with specific regulations which 
are considered a model. Applications 
for wells diverting in excess of 100,000 
gpd. may be denied or approved provi- 
sionally, if likely to interfere with a 
public water supply. A cooperative 
study of the ground water resources of 
Wisconsin is being made by the State 
Geologist and the U.S.G.S. 
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NSTEAD of practicing water con- 

servation, the people of California 
have developed a complete disregard 
for the water economies that must be 
practiced in order to insure future 
prosperity. Billions of gallons of sal- 
vageable industrial waste waters, do- 
mestic sewage and storm waters are be- 
ing discharged into the ocean through 
lined river and stream channels, storm 
drains and sewers. Other billions of 
gallons of life-giving waters are being 
polluted with industrial wastes contain- 
ing oils, brines, salts, heavy metals and 
other such contaminants. Too often 
towns and industries are being permit- 
ted to discharge their sewage and in- 
dustrial wastes into streams and rivers 
and into the underground water sup- 
plies of the state. These wastes have 
frequently polluted the ground water 
supplies beyond redemption. 

The water pollution problem in Cali- 
fornia has been growing in intensity for 
many years, but its seriousness is only 
now beginning to be understood. Wa- 
ter works operators received a real jolt 
in 1945 when thirteen domestic water 
wells located in the Montebello district 
were polluted with phenolic waste. It 
was then that water works officials in 
the state first awakened to the realiza- 
tion that they would have to face the 
facts of life and not put off any longer 
the inauguration of a water conserva- 


tion 


Power, Los Angeles. 


Investigating Water Pollution in California 
By Roy O. Van Meter 


A paper presented on May 4, 1948, at the Annual Conference, Atlantic 
City, N.J., by Roy O. Van Meter, San. Engr., Dept. of Water and 


In the spring of 1946, at a meeting 
of the Southern Regional Group of the 
Operators and Managers Div., Cali- 
fornia Section, A.W.W.A., a round ta- 
ble discussion of the industrial waste 
disposal problem was held. Engineers 
and operators brought to light many 
instances of the pollution of water 
supplies, confirming the fact that the 
problem was not local in nature but 
common throughout the state. The 
findings of this group were brought to 
the attention of the members of the Ex- 
ecutive Committee of the California 
Section, and they, alarmed at the rapid 
increase in water pollution, joined with 
other water works operators and 
groups in an appeal to the Governor 
of California and other state officials 
for remedial legislation and relief. As 
a result, several new laws for the safe- 
guarding of water supplies were pro- 
posed for passage by the state legisla. 
ture at its 1947 session. 


Fact-finding Committee 


Because some of these proposed laws 
conflicted with one another, it was 
thought desirable that they be consoli- 
dated into simplified bills which would 
provide effective legislation based on 
the needs of the entire state. To ac 


complish this purpose, the State As 
sembly passed an enabling act, H.R 
27, providing for a legislative fact- 
finding committee. 


This committee} 
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under the chairmanship of Randal F. 
Dickey, Assemblyman of Alameda, 
Calif., was required to make an in- 
vestigation of the water pollution prob- 
lem in California and, after completing 
the survey, to prepare legislation for 
presentation at the 1949 session of the 
legislature. The act allotted $100,000 
to defray the expense of making the 
survey. The committee hired investi- 
gators who are ably conducting an 
intensive investigation into the pollu- 
tion of ground, surface and coastal .wa- 
ters. In addition, the committee has 
solicited the aid of water works op- 
erators, public officials, chambers of 
commerce, service clubs and associa- 
tions, industrial groups and all others 
who have an interest in the problem. 
The Executive Committee of the 
California Section offered its assist- 
ance, recognizing that the fact-finding 
committee must have a complete in- 
ventory, in the shortest possible time, 
of all known cases of water pollution 
throughout the state. .H. Arthur 
Price, Chairman of the California Sec- 
tion, with the approval of the Execu- 
tive Committee, assigned the problem 
to the Committee on Water Pollution 
and Industrial Waste, of which the 
author is chairman. The assignment 
was actually divided into three specific 
problems or objectives: (1) to accu- 
mulate data and submit a report on 
the pollution of underground waters 
caused by sewage and industrial wastes 
in California; (2) to cooperate with 
the state legislature’s fact-finding com- 
mittee ; and (3) to prepare for the con- 
sideration of the Executive Committee 
of the California Section recommenda- 
tions on the acceptability of waste wa- 


.| ters for underground basins. 


To carry out these objectives three 


.| subcommittees have been provided for : 


(1) the Water Pollution Surveys Com- 
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mittee, which has the responsibility of 
surveying every square mile (a total 
of 158,693) in the state to determine 
the extent of the water pollution prob- 
lem, investigate individual incidents of 
water pollution and provide a report 
covering the details of each incident; 
(2) the Standards Committee, which 
has the responsibility of determining 
limiting standards to be used in decid- 
ing the acceptability of industrial waste 
for disposal on critical watersheds ; and 
(3) the Legislative Committee, which 
has the responsibility of preparing pro- 
posed legislation for submission to the 
state legislature’s fact-finding commit- 
tee. 


Water Pollution Surveys — 


The Water Pollution Surveys Com- 
mittee, in order to provide a complete 
coverage, has subdivided the state into 
seven districts, each including within 
its boundaries one of the seven great 
water basins of the state. A chairman 
has been appointed to take charge of 
the survey in each district. 

The great basin chairmen will fur- 
ther partition the basins assigned to 
them into political, geographic or ge- 
ologic subdivisions and appoint group 
chairmen. The latter will contact wa- 
ter departments, water companies and 
officials of communities or industrial 
plants within their areas who may have 
knowledge of the water pollution prob- 
lems, and will suggest to them that they 
gather information on water pollution, 
forwarding such data directly to the 
legislature’s committee and to the au- 
thor. 

The state legislature’s fact-finding 
committee has held public meetings at 
Oakland, Los Angeles, Fresno, Sacra- 
mento and San Francisco, in addition 
to innumerable private meetings. The 
testimony given at the State Assembly 
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hearings and the accumulated findings 
of investigators thus far have verified 
the fact that water pollution is com- 
mon all over the state, that the problem 
is of a serious nature and that effective 
controls must be established to safe- 
guard the state’s water resources. The 
committee will complete its investiga- 
tion during the latter part of the sum- 
mer of 1948, and remedial regulations 
and laws will then be framed. A 
rough draft of the proposed legislation 
will be forwarded to industrial, water 
works and other officials—both public 
and private—throughout the state, for 
their consideration and 
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constructive. 
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criticism, After all the interested part. 
ies have been given an opportunity to 
suggest amendments or to register 
their opposition, criticism or approval, 
and after all the differences have beep 
resolved, a final draft will be prepared 
for presentation to the legislature dur. 
ing the 1949 session. 

Thus, a century after the “Gold 
Rush,” the citizens of California are 
preparing for another 100 years of 
growth and prosperity by insuring that 
water, the most valuable natural re. 
source, is maintained free of man-made 
contamination and conserved in ade. 
quate quantities for posterity. 
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The Missouri Basin Program and Municipal | 


By S. J. Ware 


= A paper presented on April 10, 1948, at the Montana Section Meet- 
by S. J. Ware, 
reau of Reclamation, Billings, Mont. 


ing, Livingston, Mont., 


ATER has, since the earliest 
settlement of the Missouri Ba- 
sin, always been a limiting factor in 
the lives of the people. True, some- 
times there has been too much water, 
which caused damaging floods. More 
often there has been too little: too lit- 
tle to water cattle, too little to support 
agriculture in times of drought and too 
little for the towns when the streams 
ran dry or when the water table fell so 
low that the wells could not produce 
enough to supply the inhabitants. 


Ground Water 


The occurrence of ground water in 
any particular area depends upon the 
underlying geologic structure. The 
outer crust of the earth is made up of 
rocks which generally are not entirely 
solid but have numerous openings that 
may contain natural gas, oil, air or wa- 
ter. These interstices vary greatly in 
size and most often—though not al- 
ways—are connected, so that water 
may percolate from one opening to 
another. 

The porosity of a particular struc- 
ture determines the amount of water 
which it can hold. Porosity is meas- 
ured as the percentage of the volume 
of rock that is occupied by interstices. 
The rate of movement of ground water 
through a porous water-bearing rock 


Reclamation Economist, Bu- 


structure is determined by the degree 
of poresity and by the hydraulic gra- 
dient which is associated with the slope 
of the structure. The combination of 
these factors provides what is known 
as permeability, or the capacity to 
transmit water. 

The quantity of water which may be 
removed from an aquifer or water- 
bearing material depends upon the 
above factors. When water is pumped 
from a well, the water table in the vi- 
cinity of the well is lowered. As the 
pumping continues, water will be trans- 
mitted laterally through the water- 
bearing material at approximately the 
rate that it is being pumped. The wa- 
ter table assumes a form comparable 
to that of an inverted cone with its 
lowest point at the well. As the pump- 
ing continues, this cone, called the cone 
of depression, continues to expand i 
area until the influence of the pumping 
has reached one or more of the bound- 
aries of the aquifer. It can readily be 
seen, then, that during a period of 
drought, when the aquifer may not be 
recharged from exterior sources such 
as rainfall for a long period of time, 
exhaustion of the pumping area may 
occur. Such has been the experience 


of many municipalities depending upon 
limited well fields for their source of 
supply. 
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Surface Water 

Municipalities which take their wa- 
ter from surface supplies feel an almost 
immediate effect from the cessation of 
rainfall and other means of continua- 
tion of flow, unless controls are ap- 
plied. It is unfortunately true that in 
times of severe drought long periods of 
hot weather also occur, with an ac- 
companying high rate of evaporation. 
Thus, the municipality which is de- 
pendent upon the natural flow of a 
stream finds its source of water supply 
rapidly dwindling until it consists of 
nothing more than a series of stagnant 
pools. The obvious remedy for such 
recurring situations is the storage of 
surface water in reservoirs during pe- 
riods of high flow in order that it may 
be released when needed to replenish 
and maintain the natural flow of a 
stream. Therein lies the solution to 
the water supply problem of many 
communities. It is fortunate that Con- 
gress has recognized this fact in au- 
thorizing the multiple-purpose water 
resource development program of the 
Missouri Basin. 


Recognition of the Problem 
Recognition of the municipal water 
supply problem in the western states 
was brought forward in the Town-Site 
Act of 1906. At that time Congress 
authorized the Reclamation Service, 
which had been created in 1902, to con- 
sider supplying water for municipal 
purposes from irrigation projects. Un- 
der Sec. 4 of the act, provision was 
made to consider water rights for 
towns or cities on or in the immediate 
vicinity of irrigation projects. It was 
stated that such towns or cities were 
entitled to a water right from the same 
source as that of the project for the 
delivery of their water supply to some 
convenient point. 


This subject was again covered in 
the act of February 25, 1920, which 
provided for furnishing a water sup- 
ply for miscellaneous purposes in con- 
nection with reclamation projects. The 
act authorized the Secretary of the In- 
terior, in connection with operations 
under the reclamation laws, to contract 
to supply water from any project irri- 
gation system for purposes other than 
irrigation. 

Finally, Section 9(a) of the Recla- 
mation Project Act of 1939 recognized 
the municipal water problem as one to 
be solved by multiple-purpose water 
resource development. This act au- 
thorized the Secretary of the Interior 
to enter into contracts to furnish wa- 
ter for municipal supplies or miscel- 
laneous purposes. 


Coordination of Effort 

The Missouri River Basin Project, 
authorized by the passage of the Flood 
Control Act of 1944, established a hasic 
pattern for the development of water 
resources within that area.* Provision 
has been made to maintain a flexible 
program, so that it can be revised and 
reevaluated to meet the changing needs 
and the increasing understanding of 
the problem. The program is designed 
to provide the maximum benefit for the 
greatest number of Missouri Basin in- 
habitants through the coordination of 
water resource developments to pro- 
duce irrigation, hydroelectric power, 
flood and silt control, recreational fa- 
cilities and municipal and industrial 
water. 

To attain the program’s goal calls 
for a high degree of cooperative effort 


among all those concerned. Within 


* Details of the project are given in Lewis 
A. Pick’s article on “The Missouri River 
Development Program” in the July 194 
JourNAL, Vol. 38, p. 859, 
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the Interior Dept. six other agencies 
are working with the Bureau of Rec- 
lamation to maintain a closely coordi- 
nated and effective schedule of devel- 
opment. These agencies are: the U.S. 
Geological Survey, the Fish and Wild- 
life Service, the National Park Service, 
the Bureau of Indian Affairs, the Bu- 
reau of Land Management and the Bu- 
reau of Mines. The Interior Dept. 
program for the Missouri Basin is co- 
ordinated by the Interior Missouri Ba- 
sin Field Committee, through which 
each of the department’s members is 
able to express the needs of his branch, 
so that the greatest possible contribu- 
tion can be made to the over-all devel- 
opment plan. 

The Flood Control Act of 1944 pro- 
vided for the close coordination of the 
activities of the Bureau of Reclamation 
and the Corps of Engineers. Because 
the latter is principally interested in 
flood control and navigation develop- 
ment, while the Dept. of the Interior 
is concerned with the multiple-purpose 
resource development previously men- 
tioned, a special need was recognized 
for the correlation of the activities of 
these two agencies. Working sepa- 
rately, yet with similar objectives, the 
Bureau of Reclamation and the Corps 
of Engineers presented to Congress in 
1944 two plans for the development of 
the Missouri Basin (Sen. Doc. 191 and 
House Doc. 475, 78 Cong. 2). After 
extensive hearings by the Flood Con- 
trol Committee of the House of Rep- 
resentatives the two plans were, at the 
direction of the committee, revised and 
coordinated by the Bureau of Reclama- 
tion and the Corps of Engineers. This 
revised, comprehensive plan for the de- 
velopment of the land and water re- 
sources of the Missouri Basin (Sen. 
Doc. 247, 78 Cong. 2) was approved 


by Congress in the Flood Control Act 
© 


MISSOURI BASIN PROGRAM 


of 1944 and was signed by the Presi- 
dent on December 22, 1944. The Mis- 
souri River Basin Project has as its 
aim the control and conservation of 
the waters of the Missouri River and 
its tributaries. It includes the utiliza- 
tion of these waters for the benefit of 
all the people of the basin. Irrigation ; 
flood control; hydroelectric power de- 
velopment; improved navigation; silt 
control; domestic, municipal and in- 
dustrial water supplies; fish and wild- 
life preservation ; and the establishment 
of recreational areas are some of the 
benefits that will accrue to the people 
of the basin and to the nation from the 
development planned in the Missouri 
Basin Project. 

A continuing correlation of the 
Missouri Basin program is achieved 
through the monthly meetings of the 
Missouri Basin Inter-Agency Commit- 
tee. This committee consists of rep- 
resentatives from the Departments of 
the Interior, Agriculture, Commerce 
and the Army (Corps of Engineers), 
the Federal Power Commission and the 
governors of five of the ten states 
within the Missouri Basin. These five 
governors are selected by the ten-state 
Missouri River States Committee to 
represent that group at the monthly 
meetings of the Inter-Agency Commit- 
tee. Governor Sam C. Ford of Mon- 
tana is currently serving as chairman 
of the Missouri River States Commit- 
tee as well as a representative on the 
Inter-Agency Committee. 


Municipal Water Supply Program 


The Dept. of the Interior has pre- 
sented (Sen. Doc. 191, 78 Cong. 2) 
a broad plan for the conservation, con- 
trol and use of water resources in the 
Missouri River Basin. Municipal wa- 
ter for at least twenty cities is pro- 
vided for in the water development 
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plan. This reference to a_ specific 
number of cities does not mean to 
deny recognition to other municipali- 
ties within the Basin which are pres- 
ently in need of new or supplemental 
water supplies or which may in the fu- 
ture have such requirements. In fact, 
the plan provides for the study of mu- 
nicipal water supply problems and for 
their inclusion in the over-all water re- 
source development program. Pre- 
liminary basin-wide examination of the 
joint problems of domestic and indus- 
trial water supply and waste disposal 
indicates that these difficulties are 
widespread and that in some areas— 
such as the Sheyenne, Red and James 
River Basins of the eastern Dakotas— 
they are particularly acute. ‘The treat- 
ment given to municipal water supply 
problems in Sen. Doc. 191 in no sense 
minimizes the importance of the exist- 
ing needs of Missouri Basin towns. 
On the contrary, the brief considera- 
tion given by that document to a few 
outstanding problems serves to illus- 
trate the necessity for providing safe 
and adequate domestic water supplies. 

The lack of a dependable water sup- 
ply presents a continuous and often 
threatening hazard to many communi- 
ties throughout the Missouri Basin. 
Such a problem has a profoundly detri- 
mental effect on the industrial develop- 
ment, health, manner of living and 
even the very existence of cities and 
towns short of water. 

At present more than 40 municipali- 
ties are receiving water from projects 
constructed by the Bureau of Reclama- 
tion. The consideration of water rights 
on numerous streams has been in- 
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volved, but it has always been possible 
to work out a plan for including the 
needs of the municipalities concerned, 
Municipalities currently holding con- 
tracts to receive water from Bureay 
of Reclamation projects are scattered 
throughout the seventeen western 
states. The circumstances under 
which these municipalities receive wa- 
ter and the reasons for their inclu. 
sion in the plan have been numerous 
and varied. Cognizance has been and 
is being taken of domestic and indus- 
trial needs in the water resources de- 
velopment plan of the Dept. of the In- 
terior. 


Conclusion = 


The solution to the problem of mu- 
nicipal water supply needs within the 
Missouri River Basin is not simple. 
Qf the incorporated cities and towns 
in the northern portion of the Missouri 
Basin possessing municipal water sys- 
tems, approximately 80 per cent draw 
their supplies from ground water 
sources. A large part of this group has 
faced serious water supply shortages, 
especially during drought periods. 
Many cities have already set forth 
their need for supplemental surface 
supplies. A more complete view of 
this problem can best be obtained 
with the cooperation of cities and 
towns throughout the basin. Every 
effort is being made to gain an under- 
standing of these needs so that they 
may be incorporated into the compre- 
hensive plan for water resource devel- 
opment throughout the basin states. 
Through the fulfillment of this plan 


will come the solution to the problem. 
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OCATED in the city of Rochester, 
N.Y., is one of the divisions of the 
Eastman Kodak Co., known as Kodak 
Park. Approximately six miles to the 
north, on the shore of Lake Ontario, 
is a parcel of land and a group of 
buildings called the ““Kodak Park Lake 
Station.” 

During the years 1917-18 a 42-in. 
Lock-Bar steel intake pipe, extending 
approximately 14 miles into Lake On- 
tario, was installed. The intake was 
buried in the bed of the lake and ter- 
minated in a wooden crib in 50 ft. of 
water. Because the capacity of the 
intake varied 1 mgd. with every 1-ft. 
change in the lake level, a “down” 
elbow was placed on the shore end in 
1939. This gave a net 5-ft. increase 
in head on the intake by permitting a 
drop in the intake well water level, 
which resulted in a 5-mgd. rise in the 
intake’s capacity. With the steady 
growth of water consumption, how- 
ever, the old intake proved to have 
insufficient capacity to meet the de- 
mand, and in 1946 the installation of 
a new intake was completed. Work 
was started on the shore end in May 
and the line was finished in September 
1946. 


Intake Pipe 


The intake is a reinforced concrete 
pipe, 54 in. thick with a 54-in. inside 
diameter. It is installed under the 


New Intake Installation at Kodak Park 
By Allen C. Bailey 
A paper presented on April 1, 1948, at the New York Section Meeting, 


2 Syracuse, N.Y., by Allen C. Bailey, Water Development Engr., East- 
man Kodak Co., Kodak Park, Rochester, N.Y. 


2 ft., for a distance of 14 miles into 
lake Ontario and terminates in a ver- 
tical “horn” fitting which is enclosed 
in a wooden crib set on the lake bot- 
tom in approximately 55 ft. of water. 

The crib, which was made on shore 
and floated to the site, is 34 x 40 x 9 
ft. (outside dimensions) with two 14 
x 14-ft. sections for the “horns.” It 
has two removable wooden plank- 
screen grilles, 14 x 14 ft., over each 
section. The grilles consist of 2 x 12- 
in. timbers set on 4-in. centers. The 
entire structure is surrounded by rock 
and concrete to protect it from drag- 
ging anchors and to hold it down. 

Prior to starting any construction 
work, the contractor took soundings of 
the lake bottom along the entire line 
of the intake. This information, along 
with the elevations of the intake pipe, 
was plotted on profile paper to calcu- 
late the varying depths of excavation 
and insure the proper amount of cover 
over the entire line. Knowing the lake 
level, which was determined at the 
start of each day’s operation, and the 
distance from the lake surface to the 
deck of the work scow, it was possible 
to measure accurately, by poling, the 
grade of the trench bottom at any point 
along the line, as well as the elevation 
of the top of the pipe itself. 

The shore end of the intake is 15 ft. 
below grade and 11 ft. below the mean 
lake level. A steel-sheet coffer dam, 


lake bottom, with a minimum cover of approximately 40 ft. long and 10 ft. 
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ide, was sunk at the junction of land 
nd water (Fig. 1). The earth inside 
sis dam was excavated, two pieces of 
16-ft. pipe were installed and the ditch 
was backfilled; then the lake end of 
the dam was pulled and the trenching 
started. The trench was dug from the 
scow with a large clamshell bucket and 
was held level until its depth was 8& ft., 
it which point it began to take the 
srade of the lake bottom. The sides 
f the trench were sloped just enough 
to keep them from sliding in; this gave 
in average top width of approximately 
20 ft. and a bottom width of approxi- 
mately 8 ft. at a depth of 8 ft. Be- 
cause of the sandy nature of the lake 
bottom and the currents along it, the 
trench tended to fill up rather fast, 
so that there was seldom more than 
200 ft. of trench open ahead of the pipe. 

Except for a few shore-end pieces, 
1e pipe was put down in 32-ft. lengths 

» divers. The pipe had _bell-and- 
cae joints sealed by a rubber ring 
which was placed on the spigot end 
when the pipe arrived on barges at 
the work scow. The bell-and-spigot 
ends were then greased to facilitate the 
movement of the ring. 

As each section of pipe went below 
the water surface, two divers guided 
it into the preceding section already 
installed. When they had the pipe 
joined, they would bind the two lengths 
together with tie bolts located on the 
spring line. This allowed movement 
in all directions but kept the joint from 
pulling out. The final length of pipe 
each day had a removable bulkhead 
put over its open end to prevent sand 
‘om getting into the line during fur- 
ler excavations or storms. 
| The marvel of the whole job was 

1 crane operator on the work scow 

ho, on instructions from the divers, 

ould move the pipe up and down as 


‘fittle as mately 50 per cent. 
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After the line was completely in- 
stalled, the trench was backfilled and 
soundings retaken. The lake bottom 
did not vary more than + 1 ft. from 
the original elevations. This was veri- 
fied by the U.S. Corps of Engineers’ 
surveyors who checked the lake bot- 
tom soon after the job was completed. 

The pipe was made at Charlotte 
Harbor by the contracting company, 
which set up its own production facili- 
ties. Here the steel reinforcing coils 
were rolled on a large revolving man- 
drel, supporting strips were applied by 
welders and the finished forms were 
moved to the pouring area, where they 
were enclosed in vertical steel casings 
and concrete was poured around them. 

The pipe was poured in 16-ft. lengths, 
each having a steel welding edge on 
one end and either a steel spigot or 
bell edge on the other. A 16-ft. length 
with the spigot end was welded to a 


16-ft. length with the bell end, thus 
forming a 32-ft. length of bell-and- 
spigot concrete pipe. The space 
needed for the welding was then 


grouted inside and outside the shell 
to form a smooth surface and prevent 
corrosion. The 32-ft. pieces, weighing 
approximately 17 tons, were then taken 
to the curing site where they remained 
until needed. 


Intake Well 


The shore end of the intake, after 
going under a main highway, passes 
through a valve sectionalizing system 
(Fig. 2) and terminates in a 30-ft. 
diameter concrete well 40 ft. deep. 
This depth was necessary because the 
intake pipe turns downward, with the 
outlet about 30 ft. below mean lake 
level. This arrangement will make it 
possible to increase the head on the 
intake pipe, thereby enlarging its ca- 
pacity, over gravity flow, by approxi- 
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The well is located just west of the 
present pumping station on the filled 
shore line of a near-by pond. A test 
hole showed that the soil was unstable 
and that rock was 40 ft. down. Under 
these conditions it was possible that 
the excavation of a large hole would 
affect the stability of the soil and might 
undermine the present pumping. sta- 
tion. 

It was decided to try the technique 
used in sinking caissons, thus elimi- 
nating the need for sheet piling, -ex- 
cessive excavation and soil disturb- 
ance. In January 1946 a large hole, 
about 50 ft. in diameter and 10 ft. 
deep, was dug at the location of the 
well. The bottom of the hole was cov- 
ered with gravel and a sump pumphole 
excavated to take care of the ground 
water. Nature helped by freezing the 
sides of the excavation and keeping 
ground water seepage to a minimum. 
On the gravel base a steel ring 30 ft. 
in diameter was constructed with its 
underside tapered to form a cutting 
edge (Fig. 3). With this as a base, 
plywood forms were set up and the 
first section of the concrete shell was 
erected to a height of approximately 
19 ft. Water jets in the form of 14-in. 
pipe were installed in the concrete, ex- 
tending down through the steel shoe. 
These were to be used against any 
stubborn soil that might be encoun- 
tered. 

The earth was excavated from the 
inside of the cylinder with a clamshell 
ucket and the cylinder started on its 
ownward journey. When it reached 
1 point 15 ft. below grade, the second 
section, 14 ft. high, was poured. This 
was enough to reach rock, after which 
| te top section was poured. During 

the entire time the well was being 
sunk, the water jets were not used 
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once. In fact, in one 24-hour period 
the cylinder settled 3 ft. During the 
sinking, the center of the well shifted 
only 2 in. to the north and 10 in. to 
the west of the original point. 

The well is divided in such a way 
that, prior to arriving at the raw- 
water pumps, all the water passes 
through a traveling screen with 2-in. 
square openings (Fig. 4). This screen 
is in a well of its own, which can be 
isolated from the main well by 5 x 6- 
ft. sluice gates. An emergency sluice 
gate allows the by-passing of the screen 
well, so that water can be sent to the 
raw-water pumps while emergency 
repairs are being performed on the 
screen, 

Raw-Water Pumps 


The raw-water pumps are located in 
the south half of the intake well. At 
present there is only one 20-mgd. 
pump installed, although provision has 
been made for five. 

The pump section was designed so 
that deep well turbine pumps could be 
used, thus saving building space. A 
novel feature is the requirement that 
the pump impeller and shaft be pulled 
from the operating floor level without 
breaking the discharge pipe connection. 
This is not a new design but was nec- 
essary because the discharge of the 
pumps is below the mean lake level 
and it was desired to be able to take 
any pump out of service for repair 
without shutting down the intake. 
The 42-in. discharge piping from the 
new intake pumps is connected to the 
36-in. discharge piping from the old 
ones near the filtration plant. The 
connection was made under pressure 


by means of a 36 X 24-in. tapping 
sleeve and valve. 


‘ 
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Abstracts of Water Works Literature 


Key: In the reference to the publication in which the abstracted article appears, 39:47; 


(May '47) indicates volume 39, page 473, issue dated May 1947. 


If the publication is paged 


by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue dated May 1947 
Abbreviations following an abstract indicate that it was taken, by permission, from one of the 
following periodicals: B.H.—Bulletin of Hygiene (British); C.A.—Chemical Abstracts; Corr~ 
Corrosion; I.M.—Institute of Metals (British); P.H.E.A.—Public Health Engineering Abstracts 


S.W.J.—Sewage Works Journal; W.P.R.—Water Pollution Research (British). 
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Submersible Pumps. A. Linrorp. Civ. 
Eng. (Br.) 42:386, 432 (Sept., Oct. °47). 
With advent of centrifugal pump for bore- 
holes bucket-type pump became obsolete. 
Method of operating centrifugal pumps 
obviates suction- and foot-valve troubles. 
It is not ideal because: borehole must be 
reasonably straight, number of bearings re- 
quired, if certain critical speed exceeded 
vibration occurs, bearings must be carefully 
aligned, grit in water will cause rapid wear of 
bearings, and wt. of shaft in deep borehole is 
great. Logical development to place both 
pump and elec. motor below lowest water 
level. This elims. long shaft, may be used 
in boreholes that are not straight, easily 
placed in position and raised for inspection, 
operation noiseless, floor space not required. 
Possible to assess condition of unit at any 
time by comparison of hydraulic and elec. 
readings with work’s test results. Com- 
pletely submerged unit depends on squirrel 
cage type of induction motor. There are 
number of ‘‘wet’’-type motors: (1) totally 
enclosed and filled with oil, (2) enclosed in 
bell with bottom end open, (3) stator wound 
with ordinary wire and enclosure between 
stator and rotor preventing water from 
entering windings and (4) water allowed to 
circulate through waterproof windings to cool 
them and used as lubricant for bearings. 
First patent taken out in British Isles in ’11 
covering ‘‘wet’’-type squirrel cage motor. 
After Armistice of ’18 submersible salvage 
pumps used in raising scuttled German fleet. 
Submersible type of pump in many ways 
similar to surface centrifugal pump. Im- 
peller rotates within diffuser with passages 
of predetermined shape. In normal design 

of radial flow impellers, value of specific 
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speed (.V,) lies between 700 and 2000. Loy 
specific speeds result in comparatively larg 
diams. and passages of small width togethe; 
with high friction losses. High specifi 
speeds result in small diams. and, if too high, 
in unsatisfactory guidance of water. | 
motor designed to run at 3000 rpm. instead o 
1500 nat only is size of pump reduced buy 
4 times delivery head per stage can be ob- 
tained, whereas specific speed increased onh 
1.413 times. Max. efficiency can be ob 
tained only with one particular set of deliver 
head and discharge conditions. Max. hp 
should be developed at duty point to insur 
that sudden decrease in delivery head wil 
not overload motor. Downward thrust’ on 
impellers large. To relieve lower thrust 
bearings, “balancing disc” fitted on rotating 
shaft on delivery side of top impeller and be- 
tween it and top bearing. Full delivery 
pressure acting on it exceeds axial thrust oa 
all impellers. Motor unit usually made 
readily detachable from pump. Pump bows 
or casing made of cast iron or gunmetal. 
Wearing rings and bushes for bearings re 
newable and made of alloys such that no 
‘seizing’? can take place. Perhaps largest 
submersible pump unit mfd. of type 4 de 
signed to lift 42,000 gph.(Imp.) against total 
head of 1030’ requiring 290 bhp.—H. £. 
Babbitt. 


Genesis of a Pumping Station. Hat Wat- 
HOUSE. Surveyor (Br.) 105:363 (May 10, 
46). Paper, slightly condensed, presented 
at summer meeting of Institution of Water 
Engrs. Proposal to construct pumping sta 
tion and abstract water at Ruislip Common 
received authority in '39. Site chosen fo 
well lies in valley of small tributary to River 
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Pinn flowing southward from Northwood 
Hills. Geologists had reported favorably on 
well site and yield of 2.5 mgd.(Imp.) was not 
overoptimistic estimate. Site was largely 
dictated by political necessities. Position 
chosen for 7’-8’ diam. well was fixed centrally 
with respect to 4 pumping bores with idea of 
constructing 4 independent pump houses and 
leaving well in open as means of access (to 
adits joining boreholes). Well was sunk 
through 37’ of clay, 25’ of Reading Beds and 
213’ of Upper Chalk by percussion boring. 
Level of yield adit was fixed at 160’, 40’ above 


connecting adits and immediately below 
lowest aquifer. At 1,900’ from well small 
step faulting was seen in adit walls. There 


was little increase in inflow. It was deduced 
that adit had passed anticline. Driving was 
stopped and fresh tactics planned. Rhab- 
domancy tried. Possibility of using geo- 
physical methods investigated. Decided to 
test predicted fissure by temporary 12” bore 
to depth of 330’. Water found. Under- 
ground exploration next logical step. Expert 
advice obtained on adaptation of resistivity 
methods of survey, known as ‘“‘electrical 
coring.” Site was arranged on land adjacent 
to Poor’s Field and new 5’-diam. well was 
completed to depth of 300’. Aquifers cut at 
280’ confirmed measurements of electrical 
coring. Decision made to design treatment 
works on basic figure of 3.5 mgd.(Imp.); to 
include sterilization and softening to 140 ppm. 
Site conditions covered such faciors as avail- 
able means of disposing of waste water; type 
of removal of waste by-products; accessibility. 
Three softening methods studied were: 
sludge blanket lime softening tanks; oolitic 
lime softening towers; and hydrogen ion ex- 
change. Decision was to adopt sludge 
blanket method because: (1) produced 
softened water of stable quality by means 
that permitted flexibility of operation; (2) 
provided treatment for 80°% of total water as 
against only 55% and 50% in other two 
methods; (3) offered longer retention period 
of treated water because of higher percentage 
of treated water in blend and capacity of 
blend tank that follows sludge blanket tanks; 
(4) reduced waste water to minimum; (5) 
required only 43% of filter area necessary for 
oolitic method, and filters were required to 
remove only 5% of total carbonate as against 
20% by filters following oolitic method; (6) 
cheapest in operational cost. In considering 
pressure and rapid gravity filters, advantages 
of pressure filters were: (1) complete salvage 
if resource diminished in quantity; (2) less 
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costly to house; (3) easy to extend; (4) no 
algal difficulties; (5) flexibility of operational 
rates of flow. Advantages of gravity filter 
were: (1) visual inspection of water under ~ 
treatment; (2) filter media more easily re- 
moved for cleaning; (3) little maintenance as 
compared with periodic painting of steel 
shells; (4) clean and interesting appearance. 
Choice of gravity filter was made. Reliance 
for main power supply was placed on grid 
(super-power line) and provision made for 
conducting 1000 kva. to common field. Al- 
ternative source of power seemed imperative 
as safeguard against steady increase in coal 
clause charges by elec. company. 600-hp. 
Diesel engine with blower to increase output 
to 900 hp. is to be installed. For sources of 
power to keep step in price coal must vary 
5s per ton for every 1d per gal.(Imp.) vari- 
ation in oil.—H. E. Babbitt. 


Oil-Engine-Driven Pumping Plant. Duns- 
well Pumping Station of the Hull Corporation. 
C. GREEN. Wtr. & Wtr. Eng. (Br.) 51:4, 56 
(Jan., Feb. '48). Paper presented to Diesel 
Engine Users Assn. Plant of pumping sta- 
tion consists of 2 sets of 3-throw pumps, each 
with capacity of 5 mgd. (Imp.). Each set of 
pumps is driven by 6-cylinder, sleeve-valve 
engine. In calculating fuel consumption no 
deductions made for oil used for purposes 
other than pumping water. Fuel consump- 
tion has been exceptionally low and thermal 
efficiency correspondingly high. Mechanical 
efficiency at least 85%. Fuel consumption 
per water horsepower-hour appears to be un- 
affected by running plant load factor. Only 
2 complete overhauls of each engine have 
taken place since they were first started in 
"32 during which time they have run to- 
gether total of 95,760 hr. Since Nov. '39 
there has been no need to shut down either 
engine owing to breakdown or defect. Cool- 
ing water drawn from main at 50°F. and re- 
turned to pumping well at about 100°F. 
Little trouble experienced from deposits al- 
though water has hardness of approx. 260 
ppm. Engine costs per water horsepower- 
hour remain at comparatively low level 
mainly owing to efficiency and reliability of 
engines. (Fuel oil consumption close to 0.4 
Ib. per water hp-hr. for 11 yr.; lubricating oil 
consumption in '47 was about 0.66; and total 
engine costs in 46 were 0.7d per water hp-hr.). 
Maximum sleeve wear takes place at top of 
inside of sleeve where it works past junk rings 
in cylinder head. Smal! amount of wear and 
long life of crankshaft bearings due to con- 
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struction and materials used. No _ bearing 
has ever given trouble while running. Spring- 
head, Mill Dam, and Dunswell Pumping 
Stations constitute 3 main stations of corpora- 
tion. Springhead has 2 sets of triple-expan- 
sion steam engines and pumps; Mill Dam 3 
sets. Approx. average water delivered daily 
from each station, in mgd. (Imp.): Spring- 
head 5; Mill Dam 6.3; and Dunswell 5. 
(Data on costs are shown in table.) Run- 
ning cost is, to certain extent, fixed charge as 
long as station in use and therefore varies 
inversely with quantity of water pumped. 
Essential for those who advocate use of oil 
engines to show that they will be reasonable 
in first cost and will possess qualities required 
in water works practice. Dunswell Sta. is 
most unsuitable building for housing plant 
because even when all machinery is stopped, 
dropping of spanner produces noise which 
rings through house. When installation of 
oil engine plant is contemplated manufactur- 
ers should be able to advise design of building 
to assure that engines will operate under ad- 
vantageous conditions. Discussion centered 
on conditions that enabled engine to run with 
so little wear for nearly 1826 million revolu- 
tions. J. ARNALL said: Type of built-up 
crankshaft, with easily removable crank pins, 
used in these engines permits using connecting 
rods with solid big-end eye, thus dispensing 
with big-end bolts. Bushings all of phos- 
phor-bronze. Author said in conclusion: 
It is necessary that some method of stating 
rates of wear should be agreed upon, either 
relating wear to hours of running or revolu- 
tions performed.—H. E. Babbitt. 


A Modern Pumping Station at Wendover, 
Bucks Water Board. ANon. Wir. & Wir. 
Eng. (Br.) 51:18 (Jan. ’48). Station located 
in ‘Wendover Gap”’ of Chilterns on northern 
edge of chalk escarpment. There are two 
interconnected wells, one inside building. 
It was first to be sunk. It is 7’ 6” in diameter 
for first 60’ and 6’ in diameter for additional 
80’. Adits are driven from well for distance 
of 400’ at depth of 110’ below enginehouse 
floor level. Second well, sunk in '44—’45, 
190’ below floor level, with 24’’-diameter bore 
going down 30’ further. Short adit was 
driven at 100’ depth, and lower adit, 140’ 
long, driven at 175’ depth. Water level 
varies considerably but is never less than 60’ 
below floor level. Brick pumping building is 
symmetrical in design. Well pumps and 
booster pumps installed in triplicate, each 
designed for 585 gpm.(Imp.) against 140’ 
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head. Pump motors are 39 bhp. Boosten 
consist of 50-bhp. motors directly connecteg 
to 4-stage pumps delivering against head of 
198’. Main reservoir into which pump 
deliver is Ashendon Res., with top wate 
level 30’ above enginehouse floor level 
Second reservoir, Quainton Res., has top 
water level 125’ above enginehouse floor level, 
Although no bad samples have been taken, 
water is chlorinated with 0.25 ppm. and de. 
chlorinated with leaving residual of 
about 0.10 ppm. Water is cascaded to rm 
move excess CO, and enters covered contac 
tank of 50,000 gal.(Imp.) capacity, giving 
chlorine contact time of about 45 min.—H, 
Babbitt. 


Fighting Frazil Ice at a Water Works. Jony 
R. Baytis & H. H. Gerstern. Eng. News. 
Rec. 140:562 (April 15, °48). Difficulties 
from frazil ice formations occurred at Chica. 
go’s South Dist. Filtration Plant during firg 
two winters of operation when L. Michigan 
water was drawn through shore intake 
Low-lift pumping capacity was often reduce 
seriously by frazil ice on impellers. To pre 
vent such clogging, steam at 90-100 psi. i: 
injected into pump sections so that wate 
temp. is raised approximately 0.1°F., « 
just above critical range of frazil ice forma 
tion. In addition, ice on crib intake ports é 
removed by discharging dynamite in front o 
openings. On Jan. 29, ’48, unusual ice plu 
in intake shaft of Wilson Ave. crib caused 
shutdown of all but 1 pump in 3 stations. 
Stoppage was blasted out with dynamite— 


Ed. 


Maintenance of Pumping Equipment. A 


DE SAEDELEER. Tech. |’Eau (Belg.), p. 7} 


(Nov. '47). Maint. of centrifugal pumps in 
connection with valves, vents, horizontal and 
vertical vibrations, bearings, transmissions, 
motors and accessories.—W. Rudolfs. 


Pump Output and Pump Priming. Epwarp 
INGHAM. Wtr. & Wtr. Eng. (Br.) 50:328 
(July ’47). Falling of pump output can be 
caused by change in condition of pipes brought 
about by corrosion. Increasing diam. @ 
pump piping has marked effect in reducing 
frictional resistance. In numerous instances 
remarkable improvements have been mat 
by replacing one or two sharp bends by other 
of larger radius. If new pump does not & 
duty, cause most likely fault in suction o 
delivery pipes. Suction pipe should & 
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a short and direct. Strainer at sub- 
merged end offers great resistance. If dis- 
stance between bottom of pipe and of sump 
restricted, water will be unable to flow into 
pipe. Importance of keeping air out cannot 
be too strongly stressed. Sluice valves 
should usually not be fitted in suction mains. 
—H. E. Babbitt. 


Deep Well Pumps. M. A. Levy, L’Eau 
(Fr.) 34:143 (Nov. ’47). Study of different 
types of deep well pumps, their variations, 
installation, yields, operation, maint. and 
cost.—W. Rudolfs. 


Fundamentals for Design and Construction of 
Siphon Conduits. Cur. TRUELSEN. Gas- 
u. Wasser. (Ger.) 88:4:113 (47). When 
water extracted from several wells by com- 
mon siphon, wells should not be located paral- 
lel to ground water contours but so that 
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should go into collecting pit which acts as 
sand collector, equalizes irregularities of 
pumpage and allows individual suction lines 
foreach pump. Pipeline has to have uniform 
rise of from 0.2 to 1.0’ per 1000’ toward pit to 
elim. air pockets. This line should not go 
higher than pressure line 0.8-0.9 times 
atmospheric pressure above line of dynamic 
levels in wells and pit. If it should go higher, 
vertical drop has to be inserted. Not only 
starting, but continuous de-aeration needed 
for pipeline. This can be obtained by 
vacuum pump connected to vacuum tank or 
providing mixing device for air and water at 
top of vertical pipes which have to get high 
velocities. Pipeline has to be built carefully 
and tested for vacuum. It should not lose 
more than }”’ mercury vacuum in 12 hr. 
Each well should have separate valve between 
well and pipeline. Wells located 12’—16’ 
sideways from collecting line and connected 


pressure line parallel to static ground water to it by wyes. Pipe diams. detd. to give 
slope through wells. Connecting pipeline uniform slope of pressure line.—Max Suter. — 

STREAM POLLUTION CONTROL 7 

Stream Pollution Abatement Standards Re-  contamn. of fish, especially shellfish. Situa- 


quire Economic Justification. R. B. 
& W. E. HowLanpn. Civ. Eng. 17: 9 (Sept. 
'$7). Poln. defined as unwarranted or un- 
reasonable amt. of objectionable substances 
contributed to natural water of stream which, 
because of amt. and kind, should be removed, 
counteracted, or prevented from entering 
stream. Orders for treatment of wastes origi- 
nating from public bodies must be issued in 
light of reason. Such orders may be re- 
viewed by courts and their reasonableness 
would have to be sustained to be effective. 
There must be balance between cost of treat- 
ment and benefits received. Stream poln. 
abatement has many public health values. 
These are: (1) reduction to practical limits of 
load on water purif. plants and increased 
safety of water so treated, and (2) reduction 
in danger of spread of disease by: (a) swim- 
ming and wading; (b) cattle wading in 
streams, contamn. of their udders, and subse- 
quent direct contamn. of milk in milking pail; 
(c) contamn. of wells along stream banks; 
(d) contamn. of legs and bodies of insects in 
floating and stranded filth and subsequent 
contamn. of food by insects; (e) contamn. of 
legs and bodies of water fowl swimming in 
pold. water and subsequent contamn. of 
drinking water in storage reservoirs; and (f) 


tions where proposed sewage or waste treat- 
ment programs should not be undertaken 
without careful balancing of all advantages 
and disadvantages are: (1) where public 
health only remotely involved and where 
money needed to build project probably would 
be taken from funds needed for schools and 
school teachers; (2) where qual. of stream 
water would be only slightly improved by 
proposed project; and (3) where removal of 
waste would result in removal of industry 
judged to be vital to prosperity of community. 
Stream stds. must be flexible and considered 
tentative. They are guides to judgment and 
should not become restraints to wise adminis- 
tration of water resources. Use of water will 
largely det. required cleanliness. Stds. may 
be prepd. for particular state on basis of (1) 
general recreational uses of water, (2) use as 
source of industrial water supply and (3) use 


for cultivation of fish.—Sew. Wks. J. 
Disposal of Dairy Factory Wastes. J. \. 
Davis. Australian J. Dairy Technol. (Aus- 


tralia) 2: 91 (47). Rapid growth of dairy 
industry has led to increased accumulation of 
waste products from milk processing plants. 
Author makes comparative study of most 
satisfactory methods of waste disposal in his 
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diagrams and tables of various techniques em- 
ployed in sewage treatment (diln., land treat- 
ment, biol. filtration, activated sludge proc- 
ess). Location of plant should det. method 
of disposal.—C.A. 


Subsurface Disposal of Inland Oil-Field 
Brines. OGDEN S. Jones. Civ. Eng. 17: 2 
(Feb. '47). Inland oil fields have much more 
difficult problem of oil-field brine disposal 
than do seaboard oil fields where disposal in 
ocean ordinarily practiced. Oil-field brines 
ordinarily have salt content of 6 times that 
found in sea water. Scarcity of fresh water in 
inland oil fields makes disposal by diln. gener- 
ally impossible and also requires that dis- 
posal techniques protect existing fresh-water 
sources. Use of brine ponds has led to con- 
tamn. of shallow ground water which is fre- 
quently important source of water in areas 
concerned. Any person leasing his land for 
oil drilling purposes should insist upon proper 
brine disposal methods. In several Kansas 
areas brine has been returned to subsurface 
formations approx. 4500’ below surface. One 
disposal well drilled to this depth may serve 
as many as 60 oil wells. Another method of 
disposal—water flood—has been used success- 
fully in Pennsylvania, as well as in Kansas and 
Oklahoma. By this method, return of brines 
to producing formation helps force out addnl. 
oil and, in addn., solves disposal problem.— 
Sew. Wks. J. 


Successful Disposal Methods for Synthetic 
Rubber Waste. C. C. Rucnuuort, O. R. 
PLacAK & F. E. DEMartTIni. Civ. Eng. 
17: 2 (Feb. '47). Paper condensation of re- 
sults obtained in lab. studies of rubber waste 
treatment. In synthetic rubber mfr. buta- 
diene polymers and copolymers used. Buta- 
diene and styrene have been used mostly in 
U.S. from alc. and petroleum fractions. 
Anals. given of typical wastes from synthetics 
of industry. Odor concn. reported reciprocal 
of diln. required to make odor just detectable. 
Initially studies made along conventional 
methods of water purif. to remove taste and 
odors caused by these wastes. Processes in- 
vestigated were: coagulation, ozonation, addn. 
of activated carbon, free residual chlorination 
and aeration by diffusion and spraying. Co- 
agulation and ozonation were of no value. 
Large doses of activated carbon, such as 100 
ppm. or more, completely removed tastes and 
odors. Chlorination at break-point gave best 
results but for strong wastes was valueless. 
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Aeration by diffusion produced some odor re. 
moval, with very effective results at 50°C. 
Treatment of these wastes should include re. 
moval of taste- and odor-producing systems 
as well as reduction of org. content. Acti. 
vated sludge treatment gave 90% B.O.D. 
reduction in butadiene and styrene wastes 
under following conditions only: (1) that an 
aeration period of about 24 hr. be provided, 
(2) that no more than 25% of butadiene 
and/or styrene waste be fed with a good do- 
mestic sewage and (3) that sludge solids be 
maintd., in aeration mixt., preferably above 
2000 ppm. Investigations showed that even 
with high B.O.D. removals high degree of 
removal of tastes and odors did not neces- 
sarily follow. Trickling filter treatment gave 
B.O.D. reduction of 90% for sewage and 
waste diln. and 86% for undild. waste. Odor 
concn. reduced from 750 to 16. Treatment 
of water pold. with activated sludge effluent 
investigated. 50 to 60 ppm. of activated car- 
bon needed to remove taste and odor from 
diln. contg. 10° plant effluent and 90% tap 
water. Aeration, settling and coagulation of 
little practical benefit in reduction of tastes 
and odors from same mixt. Next logical step 
will be extension of these lab. expts. to pilot 
plant expts. No development along this line 
has yet occurred.—Sew. Wks. J. 


Controlling Stream Pollution. GrorGEe W. 
Reimp. Southern Power and Ind. 66: 1: 80 
('48). Some waste problems have been mini- 
mized by the recovery and sale of the ma- 
terial; this is true of cheese whey, which causes 
toxic conditions to develop during its decom- 
position. Other wastes may affect plants and 
plankton, on which fish feed; this is true of 
lime slurry. Change in acidity, temperature 
or osmotic concentration may also affect fish 
life, as well as toxic materials. Table given 
of the relative B.O.D. of various wastes at a 
concentration of 250 ppm. Brief resume 
given of several bills relative to waste disposal 
now pending in Congress.—C.A. 


Influence of Wastes on Treatment and Use of 
Water. CHARLES F. Hauck. Chem. Eng. 
Progress 43: 9, Trans. Am. Inst. Chem. Engrs. 
481 (’47). Considers how and to what extent 
industrial waste poln. of public waters creates 
or aggravates water-use problems for com- 
munities or plants dependent thereon. Meth- 
ods of minimizing, treating, utilizing and dis- 
posing of industrial waste waters not dis- 


cussed.—C.A. 
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Pollution Abatement. Appraisal of Current 
Regulations. A. AnabLe & R. P. Kite. 
Chem. Eng. Progress 44: 1: 3 (’48). Paper 
aims to establish factual background on anti- 
stream poln. legislation in U.S., its territories, 
and Canada as guide to chem. and allied 
processing industries in facing their waste dis- 
posal problems and formulating plans for their 
soln. Legislative aspects of waste disposal 
problem, as summarized, believed to be of 
paramount importance today as means of 
properly coordinating purely tech. and finan- 
cial activities that must necessarily follow on 
broad front when industry recognizes long- 
range value of waste treatment to whole 
economy. Competition keen in modern in- 
dustry, and treatment of industrial wastes, in 
all but a few isolated cases, can be regarded 
only as addnl. expense adding to cost of pro- 
duction, and either handicapping mfr. in his 
selling effort or reducing his margin of profit. 
Consequently, in dealing with tech. and finan- 
cial aspects of poln. problem, there can be no 
incentive for reducing poln. effect of waste 
beyond point established by law and as ad- 
ministered by officials having jurisdiction over 
area directly concerned.—C.A. 


Stream Pollution. Davin B. LEE & JouN C. 
PATTERSON. Florida Health Notes, 39: 241 
(Oct. ’47). Authors define stream pollution; 
explain causes and effects on streams and 
natural bodies of water, in a very clear and 
simple manner. This is followed by explana- 
tion of need for pollution abatement in 
Florida. Specific problems are discussed, and 
plan of attack is presented. Principle causes 
of stream pollution are given as domestic 
sewage, citrus canning, pulp mill and meat- 
packing wastes, and phosphate ore washings. 
These wastes affect public water supplies, 
shellfish growing, and recreational areas. 
Program adopted by State Board of Health 
includes 3 steps: education and promotion, 
planning and executing general plant designs, 
and operation and maintenance of facilities. 
Mobile laboratory has been obtained to facili- 
tate collection of specific data. Sanitary sur- 
vey has been completed, and estimates of 
costs of needed municipal and community 
sanitary facilities are given. Paper pulp and 
phosphate industries have sponsored research 
projects to develop practical methods of waste 
treatment and disposal.—P.H.E.A. 


The Sanitary Water Board and Its Relation 
to Public Water Supplies. J. ELLiotr HALE. 
J. Maine Water Utilities Assn. 23: 74 (July 
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Article presents brief resume of Maine's 
water pollution laws. Sanitary Water Board's 
responsibility is outlined, and it is reported 
that the board has surveyed about 6000 mi. 
of rivers and streams. Most of streams sur- 
veyed are not used as public water supplies 
because they are already protected under 
Public Utilities Commission laws or under 
their own private and special laws. Maine's 
new antipollution law, Chapter 266, Public 
Laws of 1947, is given in its entirety.— 
P.H.E.A. 


The Development of Water and Sewage Dis- 
tricts by Acts of the 1947 Legislature. J. 
Hate. J. Maine Water Utilities 
Assn. 23: 79 (July °47). Article reports de- 
velopment of water and sewage districts 
which were chartered by 93rd Session of 
Maine Legislature. These include 10 sewer 
districts, 5 combined water and sewer dis- 
tricts, and 9 water districts. Districts indi- 
cate decided trend on part of people in these 
towns to improve sanitary conditions in their 
respective areas.—P.H.E.A. 


Problems and Progress in Handling Stream 
Pollution Abatement in Connecticut. War- 
REN J.Scott. J.N.E.W.W.A. 61: 59 (Mar. 
47). State agencies concerned with stream 
pollution abatement are Conn. State Dept. of 
Health and State Water Com. Brief com- 
ments are made on duties of each agency, 
citing laws under which each operates. I nter- 
state Sanitation Com., comprising representa- 
tives of Conn., N.Y., and N.J., discussed. 
Compact is antipollution compact. Consid- 
erable progress has been made in sewage 
treatment. Inrecent months plans have been 
approved for sewage treatment plants for 9 
communities. In addition, plans and speci- 
fications are in process of preparation for 15 
communities. Treatment of many industrial 
wastes continues to be problem and great 
amount of research has been done by commis- 
sion. Both Conn. agencies have worked out 
preliminary program of stream classification 
according to highest use, and discussions have 
been held with all state sanitary engineers of 
New England with view to classification of 
intrastate and interstate streams in New Eng- 
land area. It is believed that compact 
method affords states opportunity for dealing 
with pollution of waters, which is preferable 
to outright federal control.—P.H.E.A. 


Sewage Disposal Practice in South Africa. 
E. J. HamMurn. Surveyor (Br.) 106: 413 (Aug. 
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8,47). Article explains conditions that con- 
tribute to need for individual approach in de- 
sign of facilities for handling trade wastes, 
sanitary sewage and storm water in various 
parts of South Africa. Advantages derived 
from locating industries in terms of quality of 
wastes and accessibility to adequate facilities 
for disposal given. Rainfall and evaporation 
are cited as needing consideration for sewerage 
design. Practice of selling plant effluents for 
irrigation or of operating farms for obtaining 
useful advantage from effluent water ex- 
plained. Crop farming, stock raising and 
tree-growing enterprises are cited as examples 
of productive advantage being obtained from 
water effluents from sewage plants.——-P.H.E.A. 
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Sewage and Industrial Wastes to be Treateg 
in Philadelphia [Pa.}. Sew. Wks. Eng. 1g. 
576 (Nov. '47). Brief review of existing 
conditions in Schuylkill and Delaware Rivers, 
Pollution largely confined to these two rivers, 
as treatment facilities have already bee, 
provided for cities and industries located on 
tributaries. Practically all major industries 
on Schuylkill under orders from Sanitary 
Water Board to provide necessary treatment 
facilities. Many have already completed 
extensive treatment works. Major problem 
centers in disposal and treatment of municipal 
wastes for Philadelphia. Three treatment 
works of 125, 140, and 133 mgd. capacity 
planned.—P.H.E.A. 
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Water Is Life. Story of Water Supply in 
World War II. Wittiam J. DIAmonp. 
Military Engr. 39:168, 211, 254, 330, 430, 
527; 40:6 (Apr.—June, Aug., Oct., Dec. '47; 
Jan. '48). Chap. III. Final Organization 
of Water Supply. War had come upon nation 
and period of preparation over. Each exist- 
ing division had equipped water supply section 
attached to its engineer battalion, and equip- 
ment was being accumulated for additional 
units. Problem of finding water for troops 
and construction most pressing. As result, 
Strategic Intelligence Branch of Military 
Intelligence Div. of Office, Chief of Engrs., 
reorganized. Military Geological Unit re- 
quired ‘‘to furnish detailed studies of existing 
sources of water and general geological fea- 
tures of country designated in each project; 
to prepare water supply maps showing these 
features, and to interpret these facts into 
specific recommendations for use of staff 
planners and task force commanders.”’ 
Engr. Res. Unit translated foreign documents 
and periodicals and extracted and indexed 
water supply information they contained. 
Equipment problems: Equipment and units 
required materials that were critical and more 
vitally needed elsewhere. Substitute ma- 
terials that were equally efficient and dur- 
able had to be discovered. Because enough 
filter alum could not be obtained new type 
produced that was almost as good. New 
type of rustproof lining for water tankers 
developed. Tests on well drilling rigs carried 
on by water supply section of desert test 
branch of Engr. Board in Yuma, Ariz., and 
Salton Sea, Calif., areas. Chap. IV. Water 
Supply Troops Go Into Action. To fit into 


stré ic é We ification 
general strategic plan water purificat 


equipment operators in training at Engr, 
School specifically trained for conditions that 
would be encountered in Europe and Africa, 
Little intelligence available on water resources 
and their development in North Africa, and 
one course that was left was to build on in- 
formation supplied by Strategic Intelligence 
Branch of Military Intelligence Div. Asa 
result new type of water supply company 
with augmented personnel evolved. Water 
supply plan would serve 3 principal phases of 
North Africa operation: assault on specified 
beaches and reduction of all enemy forces in 
Algeria and Morocco; conversion of North 
Africa into advanced base for prosecution of 
campaign in Tunisia after surrender of French 
forces; and conversion of entire south shore 
of Mediterranean into base of operations for 
future campaigns against southern Europe 
after final destruction of all enemy forces in 
North Africa. In assault phase water was to 
be supplied from cleaned-out 55-gal. drums to 
be brought from England. They did not 
arrive until later so cleaned-out French wine 
tankers substituted. In second phase semi- 
permanent water points installed in Morocco 
to serve permanent service units and occupa- 
tion units. Casablanca municipal water 
system source of water points in city, and 
existing wells used or new ones dug in out- 
lying towns. Area near Oran lacked streams 
and lakes, and well drilling rigs finally arrived 
in time. Field water points had to be estab- 
lished to serve combat troops in Tunisia. 
Water points kept on move when Germans 
struck until final offensive of Americans suc- 
cessful. When last of Germans and Italians 
had surrendered many water points discon- 
tinued and others made more efficient to 


Jul) 
serv 
Sup 
mee 
194 
nun 
maj 
outs 
usu: 
ag 
bat 
lear 
filtr 
poll 
syst 
in 
ada 
ing 
par 
tali 
by 
fica 
for 
pun 
oth 
as \ 
uni 
per! 
kep 
sou 
ten. 
dril 
VI. 
par 
ene 
in 
suff 
Sici 
of ¢ 
of 
ove 
bee 
Ita 
inc 
Sic 
aqu 
one 
vas 
sta 
ser 
ste: 
loa 
Wa 
Wa 


July 1948 1 


serve permanent bases. Chap. V. Water 
Supply in the Persian Gulf Command. To 
meet Russia’s vital need for supplies in 
1942 meant that supply of water to vast 
number of troops in Persian Gulf Command 
major problem. Water scarce commodity 
outside towns. Municipal systems in towns 
usually insufficient. These systems had to be 
rehabilitated and only way one water supply 
battalion available could do this job was to 
learn by doing. Work begun on municipal 
filtration plant of Khorramshahr. Water 
points needed were installed on municipal 
systems. ‘There was a shortage of equipment 
in Iran. Any equipment that could be 
adapted to water purification or distribution 
requisitioned from civilian contractors operat- 
ing in country. Last 6 mo. of 1943 and early 
part of 1944 busy days for water supply bat- 
talion. ‘‘Water systems of all towns with 
military occupants taken over and operated 
by production platoons. Pumping and puri- 
fication equipment rehabilitated or expanded 
for greater output. In many cases new 
pumps sufficient to meet demand while in 
other instances major replacements necessary 
as well as redesign of plant layouts. Mobile 
units of battalion rarely incorporated into 
permanent water points. Instead they were 
kept in reserve and employed as temporary 
source during breakdowns or regular main- 
tenance shutdowns.’’ Well drilling section 
drilled 18 wells, with 12 producing. Chap. 
VI. The Sicilian Campaign. It was ap- 
parent at beginning that water supply and not 
enemy would be critical factor of operations 
in Sicily. This island always has had in- 
sufficient water. Plan of transporting water 
from Bizerte, North Africa, to beaches of 
Sicily studied. Strategic Intelligence branch 
of Office, Chief of Engrs., produced 4 volumes 
of engineer intelligence which ‘‘revealed that 
over-all water supply situation in Sicily had 
been greatly improved by 6-year plan of 
Italian government which had as its purpose 
increasing of available water supply of 
Sicilians to 30 gal. per capita.” Older 
aqueducts had been repaired and many new 
ones had been built. There was sufficient 
water supply for civilian population and in- 
vasion force. As a precaution during early 
stages of landing, the 55-gal. drums that had 
served so well in North African invasion were 
steamed out, refilled with purified water, and 
loaded on invasion fleet. All of expected 
water sources found by invasion forces with 
little difficulty and developed quickly. 
Water points installed by leapfrog procedure 
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as infantry advanced. Elements of division 
had to travel even farther to rear to obtain 
daily water requirements. This critical situ- 
ation solved by rushing engineer troops to 
install additional water points, and water was 
tanked to forward dry distribution points. 
Extreme versatility of water supply battalion 
had been proved. After Messina had fallen 
water supply troops took part in con- 
version of Sicily into Island Base Squadron 
by installing permanent water points for it. 
Chap. VII. Water Supply in Italy. Stra- 
tegic Engineer Studies of Salerno area and 
southern Italy indicated that few water sup- 
ply difficulties should be expected. Water 
supply team would land with each combat 
team. Water points would be installed and 
operated as soon as troops had landed and 
were organized. Stiff German resistance en- 
countered and campaign timetable obsolete. 
Because of this delay, packed-earth airfields 
had to be substituted. Heavy dust clouds 
raised by planes rendered them unusable un- 
til water tankers converted into road sprin- 
klers for use on airstrips. Critical water 
situation for troops by this diversion of 
tankers averted by rushing water supply 
forces to beachhead. Retreating Germans 
destroyed Naples public supply, and people 
were drinking any water they could find— 
from gutters, polluted wells, and sewers. 
All military water supply equipment in use 
for troops. Very fortunately Naples’ in- 
dustrial water supply was undamaged.  Fil- 
tration would be unnecessary; raw water 
could be pumped into tankers and hypo- 
chlorite powder added by hand. Water 
transported in canvas tanks on trucks from 
wet point to dry distribution points for civilian 
population. Situation was saved. Public 
water supply aqueducts and other damaged 
portions repaired as soon as possible. Emer- 
gency demands for water were made from 
time to time upon water supply forces in and 
about Naples, including water for locomotives 
and electric generator cooling water, and 
water to put out fires caused by German time 
bombs. On Southern Front water points 
dismantled or installed to meet new condi- 
tions. Special water supply tasks included: 
“installation and maintenance of semi-per- 
manent systems at evacuation hospitals 
located in Corps and Army area and their 
movement when hospitals advanced; tanking 
water to hospitals, bakeries and other large 
consumers; and installation and operation of 
dry distribution points in areas with scanty 
supplies.” Conditions critical during rainy 
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season when clear streams became muddy 
torrents and portable units unable to clarify 


them. Additional equipment and organiza- 
tional changes stabilized water supply situ- 
ation. In Anzio landing water points 
operated satisfactorily and soon became 
stationary and highly developed. Prepara- 
tions made for advance on Rome. When 
main supply road obscured at night by heavy 
dust clouds tank trucks of water supply 
company equipped with special road-spraying 
attachments. After 3 days of heavy fighting 
German line broken and water points in con- 
stant motion leapfrogging all other points. 
“As entire army moved forward toward 
capture of Rome, elaborate plans made for 
supplying civilians with water if necessary,” 
but there was lack of destruction. As troops 
fought their way into Apennine Mountains 
behind Florence water supply situation be- 
came terrible. Some divisions were stopped 
in area of no water sources and water had to 
be brought by long haul. Well drilling efforts 
futile. Weather and road conditions became 
worse. Sufficient number of dry distribution 
points operated successfully during remainder 
of winter under hazardous conditions. ‘In 
previous stalemate at Cassino, production 
platoons of water supply companies learned 
several lessons:—presedimentation absolutely 
necessary during rainy season; turn-arounds 
at water points had to be graveled if vehicles 
of consumers were to obtain water. Applica- 
tion of these principles and use of springs 
wherever possible kept steady stream of 
water flowing to division dry points and retail 
consumers of Corps area until temperature 
decreased to freezing point. Then new prob- 
lems presented themselves; distribution lines, 
pumps and units frequently frozen after lying 
idle throughout night; hospital installations 
froze up continually. Combination of many 
devices solved problem. Portable units and 
pumps were housed in tents or buildings; 
water was allowed to trickle through distribu- 
tion systems at all times and the pipe and 
hose itself was reduced to a minimum and 
insulated as much as possible with burlap 
bags; winterized water system was devised 
for hospitals and other large consumers con- 
sisting of an enclosed water tower, immersion 
water heaters, insulated pipe and housing of 
all outlets in heated tents.’’ With all pre- 
cautions taken, water supply troops were able 
to fulfill their mission during winter of 1944- 
45. Offensive in spring slowly gained mo- 
mentum. Bologna fell and within few hours 
water points were supplying civilians with 
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water, their water system having beep 
partially destroyed. As _ offensive gained 
momentum German retreat became rout and 
somehow water points were kept up with 
advance. Influx of prisoners of war for 
a while was unmanageable problem for water 
supply companies. With end of the Italian 
Campaign all water supply battalions jp. 
activated and separate water supply com- 
panies formed. Chap. VIII. On the West. 
ern Front. Allied High Command {and 
German General Staff) had concluded as 
early as 1942 that only in France and Loy. 
lands would German Army stand and fight, 
When general tactical plans for cross-channel 
invasion approved water supply plans de. 
veloped. ‘‘Strategic Engineer Studies had 
been prepared on all countries of western 
Europe and they included every bit of in- 
formation that could be of value to water 
supply engineers. Study on France particu- 
larly informative. It described in detail 
water system of every town in France with 
population greater than 10,000; quantity and 
quality of raw water which was available; 
type and all other details of treatment plant; 
number, kind, and capacity of reservoirs; 
type of power used in operation of plant; all 
information on pipe system; civilian demand; 
and all other related information necessary to 
give engineer complete picture of municipal 
system. All natural sources of water—rivers, 
streams, springs, and wells—accurately lo- 
cated on water supply maps. Possible 
sources of ground water revealed in complete 
geological maps and informative text on 
geology of France.” Water supply plan of 
SHAEF Engr. elaboration of 5 basic elements: 
training for operation, assault and develop- 
ment of Logemont area, exploitation of 
Logemont area, organization of communica- 
tions zone and rehabilitation of municipal 
facilities. Planning, training, and_rehear- 
sals lengthened into years. On D-day 
assault troops went across beaches with filled 
canteens. They were accompanied by engi- 
neer reconnaissance parties to locate water 
sources from which to refill them. Bulk 
water supplies and portable units soon were 
on the beaches. Area relatively undeveloped. 
Streams of beach area not desirable because 
of brown color imparted by peat soil. After 
Logemont area had been secured water supply 
troops moved their installations well forward 
and mobilized for instant movement. Ger- 
mans retreated and surrendered Paris. In 
both Etain and Metz water supplies damaged 
and had to be rehabilitated. Throughout 
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fall of 1944 water supply units encountered 
few difficulties. Water plentiful and of 
relatively good quality. Many municipal 
supplies captured intact because Germans did 
not have time for demolition. When streams 
became muddy because of fall rains water 
supply situation became chaotic. Immediate 
action necessary to redesign water points for 
presedimentation. In December ‘disaster 
averted by thoughtful planning before first 
freeze. Higher headquarters ordered all 
their subordinate units to prepare for freezing 
weather. All ideas and plans for winter 
operations were freely interchanged between 
units. Action followed planning:—Anti- 
freeze added to all pump cooling systems; 
provisions made to drain all pumps and dis- 
pensing systems at completion of each day’s 
operation; water points in open locations 
were either moved to sheltered sites or a 
shelter was constructed over equipment on 
old site; stoves installed in mobile units and 
allotment of coal secured; some equipment 
modified, such as replacement of venturi tube 
on hypochlorinator with simple feed appara- 
tus; bases of filters insulated, maintenance 
improved; thermometers purchased from 
French sources; G-2 initiated system of 
weather forecasting for prior information to 
water supply units.”” Third critical situation 
scarcity of filter sand. Too many operators 
had washed their filters too vigorously. 
Situation remedied by grading several tons 
of sand by hand with 16- and 24-mesh fly 
screening. Replacements for tankers scarce, 
so tanker bodies taken from old trucks to 
new trucks. Liquid chlorine for mobile units 
had to be conserved. With victory, water 
supply units began preparation for either oc- 
cupation duty or redeployment. Some de- 
parted either for United States or the Pacific. 
Those that remained spread their operations 
over vacated areas and water points became 
more elaborate and greater efficiency with 
less personnel obtained to serve the increased 
areas of operation. Chap. IX. In _ the 
Pacific Theaters. Decision of Chiefs of Staff 
was that war in Europe was to be prosecuted 
to fullest extent, even to detriment of other 
theaters. Odds against adequate water sup- 
ply organization for Southwest Pacific Area 
enormous. Personnel and equipment of 
water supply sections pitifully inadequate. 
Water supply operators were few and 
untrained in operation of distillation equip- 
ment, which was water supply weapon of 
Pacific. Equipment insufficient even for 
initial authorization. 
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Branch would have to complete most of its 
studies on Europe, a matter of 2 yr., before 
it could work on Southwest Pacific Area. 
Distillation equipment inefficient and anti- 
quated. Fortunately large number of purifi- 
cation units, surplus from Australia, found. 
These units employed diatomaceous earth 
instead of sand as filtering medium, and 
Australians claimed they were better for 
purifying highly contaminated waters of 
Pacific than American portable units. These 
claims soon were proved by demonstrations. 
“Programs were developed for training in 
operation and maintenance of diatomaceous 
earth filtration units, distillation units, and 
purification methods applicable to operations 
in Pacific.” Pacific island campaigns. 
South Pacific Area organized to meet en- 
croachment of Japanese forces in Solomon 
Islands where they dominated supply lines 
from United States to Australia. To strike 
first blow Combat Marines landed on Guadal- 
canal with filled canteens. There were water 
supply difficulties at once. Distillation units 
installed. Distribution of water produced to 
dispersed troops in impenetrable jungles never 
solved adequately. ‘‘Some solutions which 
minimized problem were: development of 
methods by most individuals for catching rain 
water and morning dew for washing and, in 
case of necessity, drinking; securing of excess 
equipment and dispersion of water points to 
greatest possible extent, even going so far as 
to install distillation equipment on fresh water 
sources to keep all units in operation; and 
strict water discipline to conserve supplies. 
Despite all efforts, water supply throughout 
Guadalcanal operation in precarious state 
and there was little that could be done to im- 
prove it.””. In attack on New Georgia group 
at Munda landing fiercely resisted. No 
water supply equipment had been brought, 
and troops soon exhausted their supply. 
Drinking water obtained from shell hole that 
had filled with fresh water from some ground 
water source. Finally equipment arrived 
which produced 10,000 gal. of water a day. 
Situation deteriorated steadily when more 
troops arrived, until a dug well captured. 
Several times a day sources pumped dry, and 
operations had to be suspended while nature 
replaced them. Water situation during at- 
tack on Bougainville more satisfactory. 
Lessons learned: There was improvement 
in technique and service but prevailing con- 
ditions limited it. Water supply personnel 
who were assigned were completely ignorant 
of operation of distillation equipment and 
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had to be trained in distillation school in 
Hawaii. Ejther training inadequate or pupils 
inept because they were cause of many critical 
water supply situations. ‘‘Water supply per- 
sonnel of Marine Corps experts in operation 
of distillation equipment due to excellent 
distillation schools operated at Quantico and 
Pendleton. At all times, Marines secured 
maximum from their equipment and had little 
difficulty keeping it in operating condition. 
Seabees, supplying water to naval installations 
throughout the Pacific, likewise were well 
trained in principles and use of distillation 
equipment.”’ All types of purification equip- 
ment operated by Combat Engrs.: portable 
units, distillation equipment, hypochlorina- 
tors, gas chlorinators, and mobile purification 
units. “In practically all operations, and 
particularly during the garrison period, 
Marines and Seabees more adequately 
equipped than Army units.’’ Enemy action 
caused heavy casualties to personnel and dam- 
age to equipment at water points. In every 
operation it was necessary to protect them 
either by infantry or additional personnel 
from engineer battalion. Municipal water 
supply facilities were scarce in most islands 
of central Pacific. Most of Japanese-built 
supplies destroyed either by attackers or 
attacked. Actual distances between units 
were small, but it was necessary to transport 
water over very long distances, so there was 
little coordination and interdependence of 
water points during combat phases of any 
landing. ‘‘In all landings troops went 
ashore with 2 and sometimes 3 full canteens. 
Second source was water unused by fallen 
buddies. Third echelon of water supply was 
bulk containers that accompanied invasion 
fleet. After capture of first island of an atoll, 
lighters equipped with tanks frequently used 
to supply troops in subsequent operations 
against remainder of atoll. Most of initial 
sources were sheltered nooks beside ocean 
where distillation units installed. It was 
soon determined that salt water of wells 
farther inland less salty and as soon as possible 
distillation equipment moved to such sources. 
On some of islands, no fresh water sources 
found and distillation equipment used 
throughout the assault and occupation of 
island. On some islands it was discovered 
that wells could be drilled or dug to sea level 
and layer of fresh water would be found 
floating upon sea water. By judicious pump- 
ing it could be secured with little or no con- 
tamination by salt water. Many wells were 
in existence throughout Pacific, but fre- 
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quently their use was forbidden because gj 
their insanitary condition. During assay} 
phase of all operations, there was little de. 
velopment of water sources because of thei; 
lack of permanency. After islands were & 
cured and garrison phase began, water poiny 
were highly developed.”’ Chap. X. On , 
the Philippines. For first time, everything 
for water supply operation adequate or better 
Strategic Engr. Studies revealed that wate 
supply problem would not be serious in any 
of islands. The Bureau of Public Health hag 
drilled numerous wells in Luzon. Water Sup. 
ply organizations sufficient to organize 4 
echelons. In assault landing on Leyte all 9 
necessary water sources for divisional water 
points located. Reconnaissance continued 
and many wells driven by jet method. Sin. 
lar predesignated operations carried on during 
other island landings. Water supply on 
Luzon continued to be excellent up to gates 
of Manila. Japanese began systematic de. 
struction of Manila’s water supply. Some 
destruction accomplished and some prevented 
Within section of city without water 10 mo- 
bile purification units and 30 distribution 
points set up. Civilians adequately supplied 
with water and there was no decrease of it 
for troops. ‘‘In capture of Corregidor, water 
supply one of most critical problems. _ Finally 
two LCM’s were fitted with Navy cells and 
these were filled on mainland. In addition 
to this water ship, distillation equipment ac- 
companied invasion fleet. Water ship dis- 
pensed water while distillation equipment 
being installed and water plentiful first day. 
That night Japanese suicide demolition sol 
diers blew up equipment and themselves, 
More equipment brought from the mainland. 
No more suiciders showed up and water supply 
situation again normai.’’ After other islands 
cleared water supply organizations made 
ready to go to Japan. War in Europe ended, 
and water supply organizations of that 
theater were on their way to the Philippines 
when Japanese surrendered.—P.H.E.A. 


Water Equipment for the Arctic. CHAUNCY 
W. KarsteENns. Military Engr. 39:420 (Oct. 
47). During U.S. Army’s operations in 
Arctic Zone to determine usefulness and 
adaptability of standard army equipment 
there, supply of potable water was one of 
greatest problems encountered. Two 50- 
gph. and two 500-gph. ice and snow melters 
procured for experimental and test purposes 
by Engr. Board. Mounted on_ skid-type 
base, with hardwood runners, each of these 
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units consisted essentially of inner melting 
chamber, multipass horizontal fire tube type 
combustion chamber, and outer water jacket 
insulated with 2” thick layer of magnesia 
block and covered with light metal jacket. 
Melting and combustion chambers and water 
jacket made of stainless steel. Circulation 
between inner chamber and water jacket ac- 
complished by means of recirculating tubes 
passing through combustion chamber. Cir- 
cular gasoline burners of pressure atomizing- 
vaporizing type. 50-gph. unit provided with 
single burner and 2 fuel tanks of 7}-gal. 
capacity each. It measures 77” long, 39” 
wide, 42” high, and weighs 907 Ib. 500-gph. 
unit, provided with 3 burners and 3 fuel 
tanks, is slightly larger and weighs 1440 lb. 
When operated in test chamber, 500-gph. 
units at —50°F. melted ice at rate of 75.75 
gph., with discharge water temperature of 
60°F. Gasoline consumption was 1.27 gph. 
Over-all heat-transfer efficiency was 63.5% 
at maximum burning rate. Ice and snow can 
be fed manually about 630 Ib. per hr. Results 
of service tests in Far North indicate these 
units essential; but simplified, improved and 
more rugged equipment necessary. Winter- 
ized water purification plant has been de- 
signed, fabricated and tested in laboratories 


of Engr. Board. Heavily insulated  skid- 
mounted shelter contains modified 50-gpm. 
diatomite filter and necessary accessories. 


Over-all dimensions 8’ by 16’ by 9’ high, 
weighing about 6100 lb. Water pump and 
hypochlorinator are electric motor-driven 
with power supplied by 5-kw. generator, 
gasoline-operated, installed in shelter. Heat 
provided by air circulated through engine 
radiator. Exhaust blower in generator room 
provides forced circulation to exhaust gases 
from engine. Three hose connections: in- 
fluent for raw water; waste for wash and 
drain; and discharge for transporting carrier. 
Standard ordnance 250-gal. water tank trailer 


has been modified and winterized to treat, 
filter and distribute water at extremely low 
temperatures. Compartment has been fab- 
ricated at rear of tank to hold Vapor-Car 
engine coolant-type gasoline-burning heater, 
2 Berkfeld-type filters, necessary intercon- 
necting pipe and hand-operated pump. 
Tank and compartment heavily insulated 
with fiberglass mat covered with sheet alu- 
minum. Entire unit can be mounted on 
wheels or on skis.—P.H.E.A. 


Water Supply for the Air Transport Command. 
Frep E. Smita. J.N.E.W.W.A. 61:238 
(Sept. '47). Various problems encountered 
in providing adequate water supply at Air 
Transport Command bases described. Ex- 
isting municipal surface supplies utilized al- 
most exclusively in United Kindgom and 
France. Water transported by trucks and 
chlorinated in Lister bags at original Brussels 
base. In Rome, new supply provided using 
springs as source. Collecting galleries served 
as source of supply in Naples. These sup- 
plies were chlorinated. German supplies 
were from deep wells. African supplies were 
from ground or surface sources and were 
chlorinated prior to use. Distilled water was 
used as source of supply at Dhahran, Saudi 
Arabia. Chlorinated ground water supplies 
were utilized at Karachi and Calcutta, India. 
—P.H.E.A. 


Chemical Purification of Water in {Military} 
Campaigns. Ltcio Muniz BARRETTO. 
Arquiv. Inst. Biol. Exército (Arg.) 7:207 
(46). Procedures involving ozone, oxygen, 
permanganate, I, Br, NaHSQ,, org. acids such 
as citric and tartaric, alum and NasCOs;, Ag 
and Cu, and Cl and its derivatives described. 
Latter group, including Cl, hypochlorites and 
chloramines, considered best and 2 procedures 
described for use where commercial equip. 
not available.—C.A. 
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Long Beach (Calif.) Water Dept. Annual 
Report (Year Ending June 30, 1947.) Five- 
man board appointed, one each year, by city 
manager and approved by city council. Esti- 
mated population 265,000. Water consump- 
tion 103.7 gpd. per capita. Distribution sys- 
tem 535 miles, 3728 hydrants, 49,875 services, 
100° metered. Well supply 67°, Colorado 
River 33%; electric pumps deliver water to 
system and 40 mil.gal. storage in 12 steel 
tanks. Gross income $1,651,894. Net after 
deducting depreciation $587,612. Operating 


and general expense $856,332, depreciation 
$207,829, interest $67,408. Bonds outstand- 
ing $1,430,000, depreciation value of plant 
$10,518,871, cash reserve fund $215,454, 
stores $37,695. Invested funds $501,453. 
Survey and report for needs for next 25 years 
was completed. Plans for 25-mgd. treatment 
plant for well supply was approved and some 
contracts awarded.—0O. R. Elting. 


Hartford (Conn.) Metropolitan District Water 


Bureau. Annual Report (Year Ending Dec. 
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31, 1946). Organized in '29. District in- 
cludes Hartford and 7 adjoining municipali- 
ties. Estimated pop. served 309,000; con- 
sumption: maximum 7-day 31.24; maximum 
month 29.61 mgd.; yearly average 30.31 
mgd. Gravity supply. Distribution of rev- 
enue dollar: supply 5.2¢, purification 3.6¢, 
distribution 9.9¢, accounting 3.5¢, administra- 
tion 15.2¢, taxes 1.7¢, depreciation 16.3¢, 
fixed charges 43.6¢, surplus 1.0¢. Distribu- 
tion system 629 mi., 40,017 services (39,183 
metered) and 4070 hydrants. Gross revenue 
$1,717,190. Operating expense $685,811. 
Fixed capital $31,426,128; bonded debt 
$9,504,000; net worth $14,102,435. Con- 
sumption in excess of 30 mgd. occurred on 
151 days as against 71 days in '45.—O. R. 
Elting. 


Oak Park (Ill.) Water Dept. Annual Report 
(1947). Water purchased from city of Chi- 
cago on metered basis delivered to viliage 
through five 12” meters. Three other con- 
nections assure protection as to supply. 
Pump station houses 8 motor-driven pumps, 
combined capacity of 24 mgd. boosting pres- 
sures an average of 25 psi. Storage reservoir 
5 mil.gal. Estimated population 70,000, 
daily consumption 6.06 mil.gal. 107.4 mi. 
of mains supply 12,162 meters and 1126 hy- 


drants, System 100% metered, water sold 
89.7% of total. Total income $468,729; 


expense: purchase of water $164,221; opera- 
ting and maintenance $101,366; interest 
$1075; depreciation $37,333; transferred to 
city funds $132,000; net gain $32,734. Fixed 
assets original $1,268,069; less depreciation 
$182,524; current assets $340,969. Liabili- 
ties: bonds and deposit funds $43,045. Net 
worth (assets over liabilities) $515,886. Na- 
tional Board of Fire Underwriters recom- 
mended construction of 1-mil.gal. elevated 
tank.—0O. R. Elting. 


Des Moines (Iowa) Water Works. Annual 
Report (1947). Operates under 5-man board 
of trustees. Pop. 184,641, consumption 20.52 
mgd. or 111.1 gal./capita. Water under 
pressure of 38-118 psi. delivered through 444 
mi. of 4-36” mains (68%, 8’’) to 3809 hy- 
drants and 43,372 services, 99.6% metered. 
Metered services billed for 79% of water 
pumped. Gross income $1,197,462; operation 
and maint. $562,870, depreciation $129,991, 
interest and sinking fund $291,830, invested 
capital $212,771. Plant—less depreciation— 
$7,547,213; total assets $9,233,788. City’s 
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equity $5,676,028. Pumping: max. 
mgd.; min. 8.2 mgd.; avg. 20.52 mgd. Cog} 
17.1% ash, 9138 Btu. as fired. Evapn. ratio 
5.70, boiler and stoker eff. 68.7%, station 
steam duty 118.0, over-all thermal eff. 9.51%, 
Rainfall 43.04’’ (11.00 above normal), air 
temp. avg. 51°, max. 90°, min. O°F.; water 
temp. avg. 55°, max. 72°, min. 42°F —9, 
R. Elting. 
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Louisville (Ky.) Water Co. Annual Report 
(Year Ending Dec. 31, 1947). Company 
owned by city and operated by board. Esti. 
mated pop. 400,000. Ohio R. water pumped 
to reservoir and repumped after purification, 
Consumption 57.73 mgd.; 781 mi. of mains: 
81,066 services, 100° metered; 3824 hydrants, 
Operating income $0.100; expense $0.053 per 
1,000 gal. Revenue $2,927,482; net profi 
$1,303,575; fixed capital $24,667,086, 
Funded debt $404,000, due ’50. Funds t 
balance total requirement for retirement oj 
issue voted from '46 income. Company is in 
fact debt-free. Contract awarded for elec. 
trification of Cresent Hill Pumping Sta. 
Billing of sewer rental charge with company 
acting as agent for sewer district was started 
Underground water survey by U.S.G:S. con. 
tinued, report due in spring of ’48. 87 breaks 
in distribution system, 46 in Feb., 22 in Dec. 
Filtered water storage 57 mil.gal. Pump 
capacity 230 mgd. raw water, 152 mgd 
filtered water.—O. R. Elting. 


Wyandotte (Mich.). 54th Annual Report (Year 
Ending Sept. 30, 1947). Pop. 32,000. 
Munic. Service Com., appointed by mayor 
and confirmed by council, comprises 5-man 


board operating electric and water utilities. 


Water Div. revenue $181,348, net income 
$28,817 after deducting all charges including 
depreciation. Depreciated plant $1,268,101 
investments $300,919. Debt $442,919; city 
equity $1,214,371. Expense: percentage— 
pumping 11.1, purification 18.4, distribution 
23.7, office and administration 5.8, interest 
10.7, other expense 15.8, surplus 14.5. Opera: 
ting revenue $21.49 per customer. Popula- 
tion 38,000. Consumption 4.14 mgd. or 10 
gpd. per capita, max. rate 8.5 mgd. Plant: 
six 1-mgd. rapid sand filters, 1.4-mil.gal. un- 
derground and 0.5-mil.gal. elevated storage. 
Pump capacity 14.8 mgd. Distribution sys 
tem 92.8 miles of mains, 757 hydrants, 7,99 
services. 73.3% water delivered to meters.— 


O. R. Elting. 
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